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NOTICE. 


The  series  of  Treatises,  of  which  the  present  is  one,  is  pub¬ 
lished  under  the  following  circumstances  : 

The  Right  Honourable  and  Reverend  Francis  Henry, 
Earl  of  Bridgewater,  died  in  the  month  of  February,  1829 ; 
and  by  his  last  Will  and  Testament,  bearing  date  the  24th  of 
February,  1825,  he  directed  certain  Trustees  therein  named  to 
invest  in  the  public  funds  the  sum  of  Eight  thousand  pounds 
sterling ;  this  sum,  with  the  accruing  dividends  thereon,  to  be 
held  at  the  disposal  of  the  President,  for  the  time  being,  of  the 
Royal  Society  of  London,  to  be  paid  to  the  person  or  persons 
nominated  by  him.  The  Testator  further  directed,  that  the 
person  or  persons  selected  by  the  said  President  should  be 
appointed  to  write,  print,  and  publish  one  thousand  copies  of  a 
work  On  the  Power ,  Wisdom ,  and  Goodness  of  God ,  as  mani¬ 
fested  in  the  creation ;  illustrating  such  work  by  all  reasonable 
arguments ,  as  for  instance  the  variety  and  formation  of  God’s 
creatures  in  the  animal ,  vegetable ,  and  mineral  kingdoms ;  the 
effect  of  digestion ,  and  thereby  of  conversion ;  the  construction 
of  the  hand  of  man ,  and  an  infinite  variety  of  other  argumen  ts ; 
as  also  by  discoveries  ancient  and  modern ,  in  arts,  sciences,  and 
the  whole  extent  of  literature.  He  desired,  moreover,  that  the 
profits  arising  from  the  sale  of  the  works  so  published  should 
be  paid  to  the  authors  of  the  works. 

The  late  President  of  the  Royal  Society,  Davies  Gilbert, 
Esq.  requested  the  assistance  of  his  Grace  the  Archbishop  of 
Canterbury  and  of  the  Bishop  of  London,  in  determining  upon 
the  best  mode  of  carrying  into  effect  the  intentions  of  the 
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Testator.  Acting  with  their  advice,  and  with  the  concurrence 
of  a  nobleman  immediately  connected  with  the  deceased,  Mr. 
Davies  Gilbert  appointed  the  following  eight  gentlemen  to 
write  separate  Treatises  on  the  different  branches  of  the  subject 
as  here  stated  : 

THE  REV.  THOMAS  CHALMERS,  D.D. 

LATE  TROFESSOR  OF  DIVINITY  IN  THE  UNIVERSITY  OF  EDINBURGH. 

ON  THE  POWER,  WISDOM,  AND  GOODNESS  OF  GOD 
AS  MANIFESTED  IN  THE  ADAPTATION 
OF  EXTERNAL  NATURE  TO  THE  MORAL  AND 
INTELLECTUAL  CONSTITUTION  OF  MAN. 


JOHN  KIDD,  M.D.  F.R.S. 

REGIUS  PROFESSOR  OF  MEDICINE  IN  THE  UNIVERSITY  OF  OXFORD. 

ON  THE  ADAPTATION  OF  EXTERNAL  NATURE  TO  THE 
PHYSICAL  CONDITION  OF  MAN. 


THE  REV.  WILLIAM  WHEWELL,  D.D.  F.R.S. 

MASTER  OF  TRINITY  COLLEGE,  CAMBRIDGE. 

AS'l RONOMY  AND  GENERAL  PHYSICS  CONSIDERED  WITH 
REFERENCE  TO  NATURAL  THEOLOGY. 
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chemistry;  meteorology,  and  the  function  of 

DIGESTION,  CONSIDERED  WITH  REFERENCE  TO 
NATURAL  THEOLOGY. 


TO  THE  READER. 

[FIRST  EDITION.] 


Chemistry  has  not  hitherto  been  considered  in  detail 
with  reference  to  Natural  Theology ;  the  difficulties, 
therefore,  incidental  to  a  first  attempt,  added  to  those 
arising  from  the  nature  of  Chemistry  itself  as  a  science, 
must  be  the  apology  of  the  author  for  numerous  imper¬ 
fections  in  this  treatise. 

The  peculiar  chemical  opinions  advanced,  would  never 
have  appeared  in  their  present  form,  had  not  the  author 
been  strongly  impressed  with  the  belief  that  they  are  cal¬ 
culated,  sooner  or  later,  to  bring  chemical  action,  under 
the  dominion  of  the  laws  of  quantity  ;  and  had  he  not 
despaired,  under  his  professional  engagements,  of  being 
himself  able  to  submit  them  to  experimental  proof. 
These  opinions,  however,  have  been  always  introduced  as 
mere  illustrations. 

The  argument  of  design  is  necessarily  cumulative ; 
that  is  to  say,  is  made  up  of  many  similar  arguments.  To 
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avoid  repetitions  therefore,  the  illustration  of  principles 
rather  than  of  details,  has  been  studied ;  and  the  ap¬ 
plication  of  particular  facts  to  the  argument,  has  been 
often  left  to  the  Reader. 


London ,  February  3,  183-4. 


TO  THE  READER. 


[SECOND  EDITION,] 


The  Author  in  certain  parts  of  this  treatise,  having- 
been  misunderstood,  is  anxious  to  state  more  prominently 
than  in  the  first  edition,  that  no  argument  illustrative  of 
design  has  been  founded  on  the  supposed  molecular  ar¬ 
rangements  which  he  has  given  ;  and  that  the  reality  of  design 
in  the  phenomena  of  chemistry  is  no  more  affected  by 
the  truth  or  falsehood  of  his  theory,  than  the  moral  of  a 
fable  is  affected  by  the  truth  or  falsehood  of  its  imaginary 
incidents. 

The  phenomena  of  chemistry  can  neither  be  repre¬ 
sented  by  figures,  nor  adequately  described  to  the  in¬ 
experienced  by  words.  The  consideration  of  chemistry, 
therefore,  with  reference  to  the  argument  of  design,  pre¬ 
sents  peculiar  difficulties.  After  much  reflection,  the 
author  has  omitted  details  which  every  treatise  on  the 
subject  will  furnish,  and  has  endeavoured  to  convey 
some  notion  of  the  wonders  of  molecular  action. 
As  the  best  suited  to  his  purpose,  a  sketch  of  his 
own  views  is  given :  and  if  the  uninformed  reader 
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learn  from  this  sketch,  that  the  invisible  operations  of  che¬ 
mistry,  are  at  least  as  wonderful  as  the  visible  operations 
of  mechanism,  the  author  will  attain  one  of  his  objects. 
He  will  attain  another  object,  if  what  has  been  stated,  in 
any  way  contribute  to  the  advancement  of  knowledge. 

In  this^edition  the  introductory  observations  have  been 
enlarged ;  a  few  errors  have  been  rectified  ;  and  the 
arrangement  of  some  parts  altered :  but  with  the  excep¬ 
tion  of  these  changes,  the  work  remains  essentially  the 
same  as  in  the  first  edition. 


London ,  June  7,  1834. 


TO  THE  BEADEK. 


[THIRD  EDITION.] 


A  new  edition  of  this  Treatise  having  been  called  for, 
the  Author,  after  so  long  an  interval,  considers  the  fol¬ 
lowing  statement  to  be  necessary  : — 

First.  The  views  regarding  Assimilation  contained  in 
former  editions  of  this  Treatise ;  as  well  as  the  Patho¬ 
logy  of  assimilation  founded  on  these  views,  and  pub¬ 
lished  in  the  authors  Inquiry  into  the  nature  and  treat¬ 
ment  of  Stomach  and  Renal  Diseases,  have  been  very 
generally  adopted  by  Physiologists.  Professor  Liebig  and 
M.  Dumas  in  particular  now  advocate  views  essentially 
the  same  ;  their  slight  difference  not  affecting  the  general 
principles  originally  proposed  in  the  Bridgewater  Treatise. 

Secondly.  The  molecular  arrangements  before  in¬ 
troduced  into  the  text,  have,  in  the  present  edition, 
been  stated  more  briefly  in  the  Appendix. 
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In  this  edition,  though,  by  an  enlargement  of  the  page, 
much  new  matter  has  been  added,  there  has  been  no  in¬ 
crease  of  the  size  of  the  volume.  The  author  is  still 
conscious  of  many  imperfections,  arising  in  no  small 
degree  from  his  professional  avocations.  The  varied 
and  difficult  nature  of  the  points  to  be  investigated, 
required  more  undivided  attention  than  he  has  been 
able  to  bestow. 


London,  May  ],  1845. 
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CHAPTER  I. 


OF  THE  LEADING  ARGUMENT  OF  NATURAL  THEOLOGY  ; 

THAT  DESIGN,  OR  THE  ADAPTATION  OF  MEANS  TO  AN 

END,  EXISTS  IN  NATURE. 

A  full  exposition  of  the  argument  of  design  does  not 
belong  to  this  Treatise.  In  these  introductory  observa¬ 
tions,  we  shall,  therefore,  confine  ourselves  to  a  statement 
of  the  argument,  as  deducible  from  a  simple  instance  of 
the  adaptation  of  means  to  an  end,  among  the  objects  of 
nature  :  we  shall  then  enquire  into  the  validity  of  the 
argument  of  design ;  and  shall  show  the  conclusions  to 
which  that  argument  leads. 

The  instance  of  adaptation  of  means  to  an  end  which 
wTe  select  among  the  objects  of  nature  ;  and  the  argument 
which  may  be  deduced  from  that  instance  of  adaptation, 
are  the  following : 

Animals  in  cold  climates  have  been  provided  with  a 
covering  of  fur.  Men  in  such  climates  cover  themselves 
with  that  fur.  In  both  cases,  whatever  may  have  been 
the  end,  or  intention ;  no  one  can  deny  that  the  effect,  at 
least,  is  precisely  the  same  :  the  animal  and  the  man  are 
alike  protected  from  the  cold.  Now,  since  the  animal 
did  not  clothe  itself  but  must  have  been  clothed  by 
another;  it  follows,  that  whoever  clothed  the  animal 
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apparently  knew  what  the  man  knows,  and  reasoned  like 
the  man :  that  is  to  say,  the  clother  of  the  animal  knew 
that  the  climate  in  which  the  animal  is  placed,  is  a  cold 
climate ;  and  that  a  covering  of  fur,  is  one  of  the  best 
means  of  warding  off  the  cold :  he  therefore  clothed  his 
creature  in  this  very  appropriate  material. 

The  man  who  clothes  himself  in  fur  to  keep  off  the 
cold,  performs  an  act  directed  to  a  certain  end  ;  in  short, 
an  act  of  design.  So,  whoever,  directly  or  indirectly, 
caused  the  animal  to  be  clothed  with  fur,  to  keep  off  the 
cold,  must  likewise  have  performed  an  act  of  design. 

But,  under  the  circumstances,  the  clother  of  the  animal, 
must  be  admitted  to  have  been  also  the  Creator  of  the 
animal :  and,  by  extending  the  argument,  the  Creator  of 
man  himself — of  the  universe.  Moreover,  the  intelligence 
the  Creator  has  displayed  in  clothing  the  animal,  He  has 
deigned  to  impart  to  man ;  who  is  thus  enabled  to  recog¬ 
nise  his  Creator’s  design. 

Such  is  an  instance  of  those  varied  adaptations  of  means 
to  an  end,  which  we  behold  in  the  world ;  and  such  the 
train  of  reasoning  which,  to  common  understandings, 
appears  to  show,  that  these  adaptations  are  the  effect  of 
design.  As  there  are,  however,  some  men,  whose  minds  are 
so  obtuse,  or  so  singularly  constituted,  that  they  maintain 
all  these  appearances  of  design  to  be  unreal ;  a  brief 
examination  of  the  pretexts  which  they  have  urged  for 
their  incredulity,  may  not  be  deemed  irrelevant. 

The  opposers  of  the  argument  of  design  may  be  divided 
into  two  classes ; — those  who,  denying  a  First  Cause,  affect 
to  believe,  that  all  the  beautiful  adaptations  and  arrange¬ 
ments  we  witness  in  creation,  arise  from  what  they  term, 
“  the  necessary  and  eternal  laws  of  nature  and  who, 
in  fact,  are  Atheists,  or  rather  Pantheists,  “  to  whom  the 
laws  of  nature  are  as  gods — and  those  who,  without 
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denying  the  existence  of  a  First  Cause,  contend,  that  the 
adaptations  among  the  objects  of  nature,  cannot  be  proved 
to  be  the  effect  of  design  ;  that  these  objects  appear  to 
us  well  adapted  to  each  other,  because  we  have  nothing, 
besides  our  own  intellects,  with  which  we  can  compare 
them  ;  and  that  the  limited  powers  of  the  human  mind, 
are  a  standard  altogether  inapplicable  to  the  Deity. 

The  opposers  of  the  argument  of  design,  who  assert 
the  existence  of  “  necessary  and  eternal  laws  of  nature, 
need  no  other  refutation,  than  the  facts  detailed  through¬ 
out  these  Treatises.  Those  who  allege  that  design  cannot 
be  proved ,  may  be  thus  answered  : 

We  have  been  gifted  with  mental  faculties,  by  which  we 
recognise  certain  abstract  truths,  or  necessary  existences  ; 
which  abstract  truths,  or  necessary  existences,  we  cannot 
doubt,  without  doubting  the  existence  of  ourselves.  W e 


have  been  gifted  with  other  faculties,  by  which  we  recog¬ 
nise  the  existence,  and  compare  the  properties,  of  things 
external  to  ourselves :  but,  so  far  as  we  can  discover, 
neither  the  existence  of  these  external  things,  nor  the 
existence  of  their  properties,  is  necessary ;  they  might 
have  existed  quite  otherwise  than  they  are, — they  even 
might  never  have  had  any  existence.  Now  our  know¬ 
ledge  of  the  manifestations  of  design,  among  the  objects 
of  nature,  is  derived  entirely  from  those  faculties,  by  which 
we  recognise  the  existence,  and  compare  the  properties 
of  objects  external  to  ourselves.  Hence  nothing  can  be 
proved,  either  for,  or  against,  what  we  term  design  in 
nature,  by  any  argument  founded  on  necessity ;  that  is  to 
say,  by  any  d  priori  reasoning,  founded  on  mere  abstract 
truths,  or  necessary  existences ;  and  all  such  attempts 
must  be  not  only  unsatisfactory,  but  absurd. 

At  the  commencement  of  this  chapter,  we  have 
given  a  simple  statement  of  the  train  of  reasoning,  on 
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which  we  found  our  belief  of  the  agency  of  an  intelligent 
Creator. 

An  act,  performed  by  ourselves,  when  directed  to  a 
certain  end,  we  term  an  act  of  design.  Among  tbe  objects 
of  nature,  we  see  the  same  end,  attained  by  the  employ¬ 
ment  of  the  same  means,  we  ourselves  employ.  We  are 
conscious  of  the  will  and  the  power  which  are  requisite 
for  the  accomplishment  of  our  own  act ;  and  are  satisfied 
regarding  the  impossibility  of  that  act,  without  our  own, 
or  similar  agency.  We  thence  infer,  that  without  some 
external  agency,  (implying  a  will  and  a  power,  similar  to 
the  will  and  the  power  exerted  by  ourselves,)  an  act,  similar 
to  our  own  act,  could  not  have  been  accomplished.  Our 
belief  then,  in  the  agency  of  an  intelligent  Creator,  is 
founded, — 

On  our  recognition  of  the  identity  of  effects  produced 
in  external  nature,  with  effects  produced  by  ourselves  ; 
from  which  identity  of  effect,  we  immediately  infer  identity 
of  purpose, — the  existence  of  design ,  without  reference  to 
a  designer : 

On  our  consciousness  that  the  purpose  effected  by  us 
proceeded  from  ourselves,  the  designers ;  whence  we 
conclude,  that  the  design  manifested  in  external  nature 
must  have  had  a  like  origin, — that  the  manifestation  of 
design,  is  demonstrative  of  the  existence  of  a  designer  : 

On  the  pervading  character  of  the  design  shown  among 
the  objects  of  nature ;  in  which  design,  man  recognises 
the  creation  of  the  objects  designed  ;  and  is  thus  led  to 
infer  the  existence  of  a  Creator.  Now  the  faculty  of 
reason,  which  enables  man  to  recognise  the  Creator  of 
the  objects  around  him  :  enables  him  to  recognise  in  that 
Creator,  the  Creator  of  himself  and  of  his  faculties.  In 
reasoning,  therefore,  from  his  own  acts,  to  those  of  the 
Creator  of  the  Universe,  though  conscious  that  he  is 
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reasoning  from  the  finite  to  the  Infinite  ;  from  weakness 
to  Almighty  Power; — yet,  when  he  reflects,  from  whom 
he  has  derived  his  faculty  of  reason,  man  feels  assured 
that  his  own  reasoning,  when  it  coincides  with  the  reason¬ 
ing  evinced  by  his  Creator,  can  be  no  other  than  the  same. 
Nor,  founded,  as  that  assurance  is,  on  the  constitution  of 
the  human  mind,  can  such  assurance  be  impugned ;  with¬ 
out  impugning  Him,  by  whom  the  human  mind  has  been 
so  constituted. 

Thus  the  argument  of  design,  though  not  based  on 
necessity,  in  the  strict  sense  of  the  term  ;  is  of  a  validity 
equal  to  that  of  our  knowledge ,  of  the  existence  of  and  of  our 
connexion  with ,  an  external  world.  Speculative  men  may 
deny  the  existence  of  all  things  external  to  themselves ; 
may  even  deny  their  owTn  existence ;  but  while  they  con¬ 
tinue  to  act  like  other  men,  it  is  not  easy  to  imagine  them 
sincere.  We  at  least,  discard  all  such  speculations,  as 
worthless  fallacies,  and  contend  for  the  common-sense 
view  of  the  existence  and  origin  of  things ; — that  design 
is  design,  whether  exemplified  in  the  works  of  man,  or  in 
the  works  of  his  Maker  ;  a  view  which  has  been  adopted 
by  the  wise  and  good  in  all  ages ;  >1^^  til 

probabilities  on  its  side  ;  and  which  alone,  of  all  others, 
points  out  to  man  his  true  and  natural  position,  among 
created  beings.  When  man,  indeed,  compares  himself 
with  the  universe,  his  own  insignificance  appears  quite 
overwhelming;  but  the  argument  of  design  assures  him 
that,  insignificant  as  he  is,  while  he  investigates  and  ap¬ 
proves  of  the  order  and  harmony  around  him,  he  is  exert¬ 
ing'  faculties  truly  god-like — that  his  reason,  though 
limited  in  degree,  is  immortal  in  kind,  and  must  thus 
differ  from  the  reason  of  the  great  Architect  of  all  things 
only  in  not  being  infinite.  And  hence  the  proud  rela¬ 
tionship  in  which  man  justly  considers  himself  to  stand 


8 


CHEMISTRY. 


with  respect  to  his  Maker  !  hence  the  grand  source  of 
that  longing  after  a  future  state,  where  his  knowledge 
will  be  consummated,  and  where  he  will  no  longer  “  see 
through  a  glass  darkly” — notions  at  once  the  result  and 
reward  of  his  reason,  and  which  raise  man  far  above  all 
other  animals. 

We  have  endeavoured  to  illustrate  the  argument  of 
design,  by  one  of  those  obvious  examples  of  the  adaptation 
of  means  to  an  end  among  the  objects  of  nature,  which 
impress  on  man  a  belief  in  the  existence  of  design,  and 
of  a  Designer.  Compared,  however,  with  the  extent  of 
creation,  the  instances,  numerous  as  they  appear,  in  which 
man  is  thus  able  to  trace  the  designs  of  his  Creator,  are 
really  few.  Man  not  only  sees  means  directed  to  certain 
ends,  but  ends  accomplished  by  means,  which  he  is  totally 
unable  to  understand.  He  also  sees,  every  where,  things, 
the  nature,  and  the  end,  of  which,  are  utterly  beyond  his 
comprehension  ;  and  respecting  which,  he  is  obliged  to 
content  himself,  with  simply  inferring  the  existence  of 
design. 

The  argument  of  design,  therefore,  in  its  general  sense, 
embraces  at  least  three  classes  of  objects  : — 

1.  Those  objects,  regarding  which,  the  reasoning  of 
man  coincides  with  the  reasoning  evinced  by  his  Creator ; 
as  in  the  simple  adaptation  of  clothing  above  mentioned : 
or  those  objects,  in  which,  man  is  able  to  trace,  to  a 
certain  extent,  his  Creator’s  designs ;  as  in  various 
phenomena  amenable  to  the  laws  of  quantity. 

2.  Those  objects,  in  which,  man  sees  no  more  than  the 
preliminaries  and  the  results,  or  the  end  and  design  ac¬ 
complished  :  without  being  able  to  trace,  through  their 
details,  the  means  of  that  accomplishment ;  as  in  all  the 
phenomena  and  operations  of  chemistry. 

3.  Those  objects,  in  which,  design  is  inferred,  but  in 
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which  the  design,  as  well  as  the  means  by  which  it  is 
accomplished,  are  alike  concealed ;  as  in  the  existence 
of  fixed  stars  ;  of  comets  ;  of  organic  life  :  and  indeed 
in  all  the  great  and  more  recondite  phenomena  of 
nature. 

The  intention  of  these  Treatises,  is  to  point  out  the 
various  evidences  of  design,  among  the  objects  of  crea¬ 
tion;  and  to  deduce  from  them,  the  existence,  and  the 
attributes  of  the  Creator.  The  following  pages  are 
occupied,  more  particularly,  with  the  illustration  of  the 
evidences  of  design,  in  objects  belonging  to  the  second, 
of  the  three  classes,  above  mentioned ;  with  those, 
namely,  in  which  design  is  apparent,  though  we  cannot 
trace  the  means  by  which  that  design  is  accomplished. 


CHAPTER  11. 


OF  THE  RANK  OF  CHEMISTRY  AS  A  SCIENCE  ;  AND  OF 
THE  ARGUMENT  OF  DESIGN  WITH  REFERENCE  TO  CHE¬ 
MISTRY. 

“  Chemistry  does  not  afford  the  same  species  of  ar¬ 
gument  (in  favour  of  design)  that  mechanism  affords,  and 
yet  may  afford  an  argument  in  a  high  degree  satisfac¬ 
tory.”*  This  remark  of  the  excellent  Paley,  has  been 
made  by  him  with  reference  only  to  a  particular  subject ; 
but  the  following  sketch,  pointing  out  the  grounds  on 
which  chemistry  as  a  science  is  founded,  and  the  rank 
which  chemistry  holds  among  the  departments  of  human 
knowledge,  will  at  the  same  time,  show  the  general  truth 
of  the  remark. 

An  elaborate  inquiry  into  the  origin  and  nature  of 
human  knowledge,  would  be  quite  misplaced  here.  We 
shall  content  ourselves,  with  simply  considering  know¬ 
ledge  as  of  the  two  kinds,  described  in  the  preceding 
chapter,  viz. :  a  knowledge  of  what  must  be ;  that  is  to 
say,  of  what  we  cannot  conceive  either  not  to  exist,  or  to 
exist  otherwise  than  as  it  is;  which  knowledge  is  there- 
fere  founded  upon  reason  (or  necessity ) :  and  a  knowledge 
of  what  simply  is,  but  how  or  why  we  know  not ;  for  the 


*  Natural  Theology,  chap.  vii. 
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existence  of  the  objects  of  which  knowledge,  therefore, 
we  have  no  authority  beyond  our  own  consciousness,  or 
the  evidence  of  our  senses. 

Of  these  two  kinds  of  knowledge,  the  only  instance  of 
the  first  kind  which  particularly  concerns  us  at  present, 
is  the  knowledge  of  quantity ,  and  its  relations  in  general : 
to  the  second  kind  of  knowledge,  belong  those  natural 
phenomena ;  the  consideration  of  which,  constitutes  the 
proper  subject  of  the  present  volume. 

The  fundamental  differences  between  these  two  OTeat 

,  o 

branches  of  human  knowledge,  as  vrell  as  their  conse¬ 
quences,  cannot  perhaps  be  more  strikingly  illustrated, 
than  in  the  following  familiar  comparison  by  a  celebrated 
writer.  “  A  clever  man,”  says  Sir  J.  Herschel,  “  shut  up 
alone,  and  allowed  unlimited  time,  might  reason  out  for 
himself  all  the  truths  of  mathematics,  by  proceeding  from 
those  simple  notions  of  space  and  number,  of  which  he 
cannot  divest  himself  without  ceasing  to  think :  but  he 
wTould  never  tell  by  any  effort  of  reasoning,  what  would 
become  of  a  lump  of  sugar,  if  immersed  in  water ;  or 
w  hat  impression  would  be  produced  on  his  eye,  by  mixing 
the  colours  yellow  and  blue  results  which  can  be 
learnt  only  from  experience. 

Thus,  then,  the  extremes  of  human  knowledge  may  be 
considered  as  founded  on  the  one  hand,  purely  upon 
reason  ;  and  on  the  other,  purely  upon  sense.  Now,  a 
very  large  portion  of  our  knowledge,  and  what  in  fact 
may  be  considered  as  the  most  important  knowledge  we 
possess,  lies  between  these  two  extremes,  and  results  from  a 
conjunction  of  reasoning  with  sense ;  that  is  to  say,  consists 
of  the  application  of  rational  principles,  to  the  phenomena 
presented  by  the  objects  of  nature. 

With  respect  to  knowledge  founded  upon  reason ,  we 

*  Discourse  on  the  Study  of  Natural  Philosophy,  p.  /6. 
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are  so  constituted,  that  whether  we  contemplate,  in  the 
abstract,  those  primary  notions  of  space,  time,  and  force, 
above  alluded  to ;  or  whether  we  view  those  notions  in 
connexion  with  the  objects  of  sense  around  us,  we  can¬ 
not  divest  them  of  quantity ,  which  seems  to  be  involved 
in  their  very  essence.  Quantity  and  its  relations,  there¬ 
fore,  in  some  shape  or  other,  enter  as  a  necessary  ele¬ 
ment,  into  by  far  the  greater  portion  of  human  know¬ 
ledge.  Now  the  primary  relations  of  quantity  are  ex¬ 
ceedingly  simple  ;  one  quantity  may  be  equal  to  another  ; 
or  it  may  be  greater,  or  less :  but  we  can  conceive  no 
other  relation.  Hence  all  the  operations  of  the  mathe¬ 
matics — the  science  of  quantityjfand  its  relations — how¬ 
ever  abstruse  and  complicated  they  appear,  can  be 
ultimately  resolved  into  addition  and  subtraction. 

It  is  chiefly  then  through  the  medium  of  the  relations  of 
quantity,  that  we  are  enabled  to  reason  in  a  satisfactory 
manner,  upon  the  objects  of  sense.  For  as  every  thing 
in  nature,  or  what  is  the  same  thing  to  us,  every  sensation 
produced  by  one  natural  object,  as  compared  with  the 
sensation  produced  by  another,  must  be  either  equal  or 
unequal,  similar  or  dissimilar :  the  whole  of  the  objects 
of  sense  are  capable  of  being  subjected,  more  or  less  per¬ 
fectly,  to  the  laws  of  quantity.  This  is  effected  in  various 
ways,  and  by  various  artifices  ;  but  chiefly  through  the 
intervention  of  certain  natural  or  assumed  units,  and 
standards  of  resemblance,  as  a  second  in  time,  or  a  foot 
in  space ;  and  in  proportion  to  the  definite  character 
of  these  units,  or  standards,  or  to  their  more  or  less 
satisfactory  application;  will  the  resulting  branch  of 
knowledge  be  more  or  less  of  a  mathematical  character ; 
and  will  be  more  or  less  rational  and  perfect. 

By  contemplating  in  the  abstract,  the  boundless  rela¬ 
tions  of  time  and  of  space,  where  no  end  can  be  con- 
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ceived  to  addition  and  subtraction,  we  arrive  at  the  only 
notions  of  infinity  of  which  our  nature  seems  capable. 
These  notions  once  obtained,  the  obvious  and  necessary 
existence  of  cause ,  within  the  narrow  sphere  of  our  ob¬ 
servation,  naturally  leads  us  to  inquire,  can  this  cause  be 
infinite  ?  And  thus  we  are  led  by  degrees,  but  irresisti¬ 
bly,  to  the  sublimest  of  all  conclusions  ;  that  a  Cause  or 
Agent,  in  every  way  commensurate  with  infinity — omni¬ 
scient  and  omnipresent,  eternal  and  omnipotent  must 
exist — in  other  words,  a  God. 

Compared,  however,  with  infinity,  and  even  with  the 
objects  of  nature  as  they  visibly  exist  around  us,  our 
actual  knowledge  of  time  and  of  space,  is  exceedingly 
limited.  Like  travellers  on  an  extended  plain,  we  see 
what  is  going  on  around  us  at  the  present  moment ;  but 
the  distant  and  the  very  near,  the  past  and  the  future, 
are  alike  unknown  to  us.  A  few  millions  of  miles,  for 
example,  or  a  few  thousand  years,  comprise  the  utmost 
we  know  of  space  and  of  time.  On  the  other  hand, 
beyond  the  fraction  of  an  inch,  or  of  a  second,  every  thing 
belonging  to  space  and  to  time  is  inappreciable  by  our 
senses.  Yet  beyond  these  limits,  we  know  that  myriads  of 
portions  of  space  and  likewise  of  time  must  exist,  too  vast 
or  too  minute  to  be  referred  to  our  imperfect  standards. 
Let  us,  for  instance,  take  the  distance  of  the  nearest  fixed 
star.  This  distance,  we  are  assured  by  astronomers,  is  so 
great,  that  the  utmost  measure  we  can  apply  to  it — the 
diameter  of  the  earth’s  orbit — a  space  of  no  less  than  192 
millions  of  miles  is  absolutely  too  little  to  measure  it  by 
— is,  in  fact,  contained  within  it  so  many  times,  that  the 
number  cannot  at  present  be  certainly  counted  !  On  the 
other  hand,  we  shall  presently  find,  that  the  molecules  of 
matter  of  which  the  objects  we  see  around  us  are  com¬ 
posed,  are  so  minute,  that  a  measure  scarcely  appreciable 
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by  the  unassisted  sight — the  thousandth  part  of  an  inch, 
for  example — is  vastly  too  large  to  compare  them  with, 
and  may,  in  fact,  comprise  millions  of  them  ! 

Experience ,  the  great  and  ultimate  source  of  all  the 
knowledge  we  possess  of  those  portions  of  nature,  to 
which  our  senses,  and  faculties,  are  limited,  may  be  ac¬ 
quired  in  two  ways  :  by  simple  observation,  and  by  ex¬ 
periment  ;  that  is,  either  “  by  noticing  facts  as  they  occur, 
without  any  attempt  to  influence  the  frequency  of  their 
occurrence,  or  to  vary  the  circumstances  under  which 
they  occur or,  “  by  putting  in  action  causes  and  agents 
over  which  we  have  controul,  and  purposely  varying  these 
combinations,  and  noticing  what  effects  take  place.”* 
Now  in  all  the  higher  departments  of  knowdedge,  the 
objects  of  which  are  principally  matter,  and  its  motions  in 
the  aggregate :  the  information  we  can  acquire  by  one  or 
both  these  means  is  so  complete,  and  at  the  same  time 
so  favourable  to  the  application  of  the  relations  of  quantity, 
that  the  resulting  sciences  have  all  the  certainty  of  ab¬ 
stract  truths  themselves.  But  when  the  knowledge  we 
possess  of  objects  is  wholly  sensible,  and  in  no  way  com¬ 
mensurate,  or  only  very  imperfectly  so,  with  their  quantity, 
here  it  is  that  uncertainty  begins ;  for  though  we  may  be 
able  to  trace  the  apparent  cause  and  effect  of  a  particular 
phenomenon ;  the  most  minute  and  careful  observation 
and  experiment,  often  give  us  but  little  insight  into  the 
connexion  between  the  two,  and  generally  fail  us  alto¬ 
gether.  The  origin  of  this  failure  is  to  be  sought  for,  in 
the  limited  extent  of  our  faculties  ;  and  particularly,  in 
our  complete  ignorance  of  the  nature  of  that  mysterious 
communication,  which  we  maintain  with  the  external 
world,  through  the  medium  of  sensation.  In  two  of  the 
senses  indeed,  seeing  and  hearing ,  we  are  able  to  trace  the 
*  Herschel’s  Discourse  on  the  Study  of  Natural  Philosophy,  p.  76. 
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intermediate  train  of  phenomena,  between  the  external 
object  producing  the  sensation,  and  the  sensation  itself, 
and  even  to  form  some  idea  of  the  remote  cause  of  the 
sensation  ;  but  in  the  other  two  senses,  tasting  and  smell¬ 
ing, ,  the  whole  is  involved  in  mystery  from  beginning  to 
end. 

Thus,  when  a  bell  is  struck,  philosophers  have  satisfacto¬ 
rily  demonstrated  that  a  vibratory  motion,  excited  in  the  bell, 
and  depending  upon  its  elasticity,  is  communicated  to  the 
air  in  contact  with  the  bell,  and  through  this  medium  is 
propagated  to  tile  ear  ;  in  which  organ,  we  know  not  why, 
the  sensation  of  sound  is  excited.  Circumstances  very 
similar  have  been  supposed  to  take  place  with  respect  to 
light ;  and  undulce ,  (or  something  obeying  the  laws  of 
undulce ,)  have  been  demonstrated  to  exist,  and  to  be 
propagated  from  the  luminous  body  to  the  eye;  thus  the 
remote  cause  of  sound,  and  probably  of  light,  is  proved  to 
be  motion.  But  in  the  cases  of  tasting  and  smelling  the 
circumstances  are  altogether  dissimilar;  here  the  sapid 
and  odoriferous  matters  are  brought  at  once  into  actual 
contact  with  the  sentient  organs,  and  the  sensations  are 
the  consequence,  without  any  intermediate  train  of  pheno¬ 
mena  ;  at  least  any,  that  we  can  appreciate.  What  it  is, 
therefore,  in  an  acid,  or  a  rose,  for  example,  analogous  to 
motion  in  the  bell,  which  produces  the  sensations  we  call 
sour  and  sweet ,  we  know  not,  and  probably  never  shall 
know;  because  the  laws  and  relations  of  quantity  are 
here  either  totally  inapplicable,  or  can  be  only  indirectly, 
and  most  imperfectly  applied. 

These  observations  are  introduced  principally  with 
reference  to  the  department  of  knowledge  we  have  at 
present  to  consider.  Almost  all  of  what  are  denominated 
the  Chemical  properties  of  bodies,  are  objects  of  taste  and 
of  smell,  rather  than  of  sight  and  of  hearing.  Hence 
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these  properties  admit  only  of  the  indirect  application  of 
the  laws  of  quantity  ;  and  are  the  result,  not  of  reason^ 
but  solely  of  experience.  Indeed,  so  much  is  chemistry 
the  creature  of  actual  experimental  research,  that  iv?s 
simplest  truths  have  seldom  been  anticipated  a  priori . 
Thousands  of  years  of  observation  and  experience,  for 
example,  had  not  taught  mankind  that  water  is  composed 
of  two  primary  gaseous  elements ;  much  less,  the  propor¬ 
tions  in  which  those  elements  combine  to  form  water. 
Nay,  even  now  the  fact  has  been  established  upon  the 
clearest  evidence,  we  are  unable  to  explain  why  it  is  so, 
or  even  to  comprehend  the  nature  of  the  union,  or  its 
result.  In  all  chemical  operations,  therefore,  (to  adopt 
the  language  of  Paley), — “  our  situation  is  precisely  like 
that  of  an  unmechanical  looker-on,  who  stands  by  a 
machine,  as  a  corn-mill,  a  carding-macliine,  or  a  threshing- 
machine,  the  fabric  of  which  is  hidden  from  his  sight  by 
the  outside  case  ;  or  if  seen,  would  be  too  complicated  for 
his  uninformed  understanding  to  comprehend.  And  what,” 
continues  this  energetic  writer,  <e  is  that  situation  ?  Igno¬ 
rant  as  he  is,  he  does  not  fail  to  see  that  certain  materials, 
in  passing  through  the  machine,  undergo  remarkable 
changes  ;  and  what  is  more,  changes  manifestly  adapted 
for  future  use.  Is  it  necessary  that  this  man,  in  order  to 
be  convinced  that  design,  that  intention,  that  contrivance, 
have  been  employed  about  the  machine,  should  be  allowed 
to  pull  it  to  pieces  to  study  its  construction  ?  He  may 
indeed  wish  to  do  this  for  many  reasons;  but  for  all  the 
purposes  of  ascertaining  the  existence  of  counsel  and 
design  in  the  formation  of  the  machine,  he  wants  no  such 
intromission  or  privity.  What  he  sees  is  sufficient.  The 
effect  upon  the  material,  the  change  produced  in  it,  the 
utility  of  that  change  for  further  applications  abundantly 
testify,  be  the  concealed  part  of  the  machine,  or  of  its 
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construction  what  it  will,  the  hand  and  agency  of  a  con¬ 
triver.”* 

W e  have  thus  attempted  to  point  out  the  rank  which 
chemistry  holds  among  the  departments  of  human  know¬ 
ledge,  and  the  kind  of  evidence  which  it  furnishes  in  favour 
of  design :  the  whole  argument  may  be  briefly  recapitu¬ 
lated  as  follows : — chemistry  is  a  department  of  knowledge 
founded  solely  on  experience,  for  the  phenomena  of  which 
we  can  assign  no  reason.  But  although  the  intimate 
nature  of  chemical  changes  be  unknown  to  us,  we  see 
them  manifestly  directed  to  certain  ends  ;  hence,  as  things 
directed  to  certain  ends,  where  the  whole  of  the  inter¬ 
mediate  phenomena  can  be  traced  and  understood,  always 
imply  design ;  we  naturally  infer  design  in  chemical 
changes  obviously  so  directed,  even  although  wre  may  not 
be  able  to  understand  their  intimate  nature. 

Such  is  the  state  in  which  Paley  has  left  the  argument ; 
and  while  we  admit  that,  even  in  its  most  perfect  form,  it 
is  less  satisfactory  than  arguments  founded  on  mechanism  ; 
we  have  always  thought  that  our  excellent  author  has  not 
made  quite  so  much  of  his  subject  as  he  might  have 
done  ;  and  that  the  very  imperfections  and  difficulties  of 
chemistry,  and  of  the  allied  branches  of  knowledge,  give 
them  some  advantages  over  mechanism  itself.  When  a 
series  of  wheels  or  of  levers  are  arranged  in  a  certain 
order,  they  must  move  in  a  certain  way,  and  produce  a 
certain  effect,  which  can  be  foretold  exactly.  In  such  a 
case,  we  may  admire  the  skill  and  ingenuity  of  the  Con¬ 
triver,  or  perhaps  feel  astonished  at  his  power ;  but  w7e 
scarcely  do  more  :  for  much  of  the  effect  is  lost  in  the 
apparent  necessity  of  the  result ;  and  the  consciousness 
that,  under  the  circumstances,  nothing  else  could  have 

*  Natural  Theology,  Chap.  vii.  condensed  slightly,  but  the  argument 
strictly  adhered  to. 


C 


18 


CHEMISTRY. 


happened.  When  the  Deity,  therefore,  operates  through 
the  medium  of  mechanism,  He  appears  almost  too  obvi¬ 
ously  to  limit  His  powers  within  the  trammels  of  neces¬ 
sity  ;  but  when  He  operates  through  the  medium  of 
chemistry,  the  laws  of  which  are  less  evident,  and  indeed 
for  the  most  part  unknown  to  us ;  His  operations,  par¬ 
taking  more  of  the  character  of  those  of  a  free  agent, 
appear  of  a  higher  order,  and  are  more  striking  and  won¬ 
derful.  Do  not,  for  instance,  those  ext  raordinary  and  myste¬ 
rious  changes  constantly  going  on  around  us,  beneath  us, 
within  us,  derive  no  small  additional  interest  from  the 
very  circumstance  of  their  not  being  understood  ?  J ust 
such  an  interest,  to  revert  to  the  argument  of  Paley,  as  the 
unmechanical  looker-on  feels  in  the  operations  of  a  corn- 
mill,  a  carding-machine,  or  a  threshing-machine ;  and  to 
which  he  who  is  well  acquainted  with  the  mechanism,  is  a 
stranger  ?  Certainly  this  is  the  case.  Obvious  mechanism, 
though  well  suited  to  display  the  intelligence  and  design 
of  the  Contriver,  is  not  always  so  well  adapted  for  arrest¬ 
ing  the  attention  of  the  observer ;  its  very  obviousness, 
in  some  measure,  depriving  it  of  its  interest.  But  when 
we  see  the  same  Contriver,  besides  the  most  beautiful  and 
complicated  mechanism,  employ  other  means  utterly 
above  our  comprehension,  though  evidently  most  familiar 
to  Him  ;  the  employment  of  these  means  is  not  only 
calculated  to  arrest  our  attention  more  forcibly,  but  at 
the  same  time  to  impress  us  with  more  exalted  notions  of 
His  wisdom  and  power. 


There  yet  remain  one  or  two  other  points  to  be  briefly 
considered,  before  we  proceed  to  our  subject.  In  the 
first  place  it  may  be  asked,  do  those  extraordinary  changes 
which  appear  to  be  constantly  going  on  in  bodies  around  us, 
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indicate  real  and  substantial  changes  in  the  bodies  themselves ; 
or  are  these  changes  mere  phantasms  and  creations  of  the 
organs  of  sense,  through  which  we  become  acquainted  with 
them?  The  discussion  of  this  question  will  probably  be 
considered  by  most  readers  as  superfluous  ;  but  for  the  sake 
of  those  (if  there  be  any)  who  entertain  doubts  on  the 
point,  it  may  be  remarked,  that  our  sensations,  though  ad¬ 
mitted  to  be  mere  signals  or  indications,  bearing  little  or 
no  analogy  to  the  causes  by  which  the  sensations  are 
produced,  and  therefore  throwing  little  light  on  their 
nature,  do  nevertheless  represent  real  and  substantial 
operations  of  some  sort,  in  bodies  themselves.  This 
reality  might  be  proved,  were  it  necessary,  by  a  variety  of 
arguments  ;  but  perhaps  one  of  the  most  striking  argu¬ 
ments  in  favour  of  the  reality  of  chemical  changes,  may  be 
deduced  from  the  subserviency  to  them,  of  those  mecha¬ 
nical  contrivances  and  operations  every  where  existing  in 
organized  beings.  At  least  half  the  mechanism  in  a 
living  animal,  is  subservient  to  the  chemical  changes  con¬ 
stantly  going  on  in  it,  and  necessary  to  its  existence. 
Take,  for  instance,  the  circulation  of  the  blood:  what  a 
complicated  apparatus  is  here  employed  for  the  simple 
purpose  of  exposing  the  blood  to  the  action  of  the  air  in 
the  lungs,  in  order  that  it  may  there  undergo  some  chemi¬ 
cal  change.  Now,  surely  no  one  can  reasonably  doubt 
that  this  chemical  change  is  as  much  a  reality,  as  the 
mechanism  by  which  the  chemical  change  has  been  ac¬ 
complished  ;  and  if  one  chemical  change  be  admitted  to 
be  a  reality,  must  not  all  the  others  be  equally  real  ? 

Finally,  if  there  be  any  one  who  denies  the  existence 
of  design,  and  sees  nothing  in  all  the  more  obvious  ar¬ 
rangements  and  order  around  him,  but  the  necessary 
results  of  what  he  chooses  to  denominate  “  the  laws  of 
nature let  him  calmly  and  deliberately  consider  the 
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facts  brought  forward  in  the  following  pages :  and  if  he 
can  witness  unconvinced  all  the  numerous  instances  of 
prospective  arrangement  clearly  made  with  reference  to 
things  not  yet  in  existence ;  all  the  beautiful  adjustments 
and  adaptations  of  noxious  and  conflicting  elements  most 
wonderfully  conspiring  together  for  good  ;  and,  lastly,  the 
subversion  of  even  his  favourite  “  laws  of  nature”  them¬ 
selves,  wThen  a  particular  purpose  requires  it :  if,  we  say, 
he  can  witness  all  these  things,  and  still  remain  incredu¬ 
lous  of  the  evidences  of  design ;  his  mind  must  be  most 
singularly  constituted,  and  apparently  beyond  the  reach 
of  conviction. 
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CHAPTER  III. 

OF  MATTER  AND  OF  PHYSICAL  AGENTS  IN  GENERAL ; 

AND  OF  THEIR  MUTUAL  RELATIONS. 

“  God  has  been  pleased  to  prescribe  limits  to  his  own 
power,  and  to  work  his  ends  within  those  limits.  The 
general  laws  of  matter  have  perhaps  the  nature  of  these 
limits ;  its  inertia ,  its  reaction,  the  laws  which  govern  the 
communication  of  motion,  of  light,  of  heat,  of  magnetism 
and  electricity,  and  probably  of  others  yet  undiscovered. 
These  are  general  laws,  and  when  a  particular  purpose  is 
to  be  effected,  it  is  not  by  making  them  wind  and  bend 
and  yield  to  the  occasion,  (for  nature  with  great  steadi¬ 
ness  adheres  to,  and  supports  them,)  but  it  is,  as  we  have 
seen  in  the  eye,  by  the  interposition  of  an  apparatus  corre¬ 
sponding  with  these  laws,  and  suited  to  the  exigency 
which  results  from  them,  that  the  purpose  is  at  length 
attained.  As  we  have  said,  therefore,  God  prescribes 
limits  to  his  power,  that  he  may  let  in  the  exercise,  and 
thereby  exhibit  demonstrations  of  his  wisdom.  For  then, 
i.  e.  Such  laws  and  limitations  being  laid  down,  it  is  as 
though  one  Being  should  have  fixed  certain  rules ;  and,  if 
we  may  so  speak,  provided  certain  materials ;  and  after¬ 
wards  have  committed  to  another  Being,  out  of  these 
materials,  and  in  subordination  to  these  rules,  the  task  of 
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drawing  forth  a  creation :  a  supposition  which  evidently 
leaves  room,  and  induces  indeed  a  necessity  for  contri¬ 
vance.  Nay,  there  may  be  many  such  agents,  and  many 
ranks  of  these.’’* 

This  admirable  passage  from  Paley  so  exactly  expresses 
our  opinions  regarding  matter  and  physical  agents,  that,  as 
in  a  former  instance,  we  have  chosen  it  as  a  text  for  illus¬ 
tration.  We  shall  proceed,  therefore,  to  take  a  summary 
view  of  the  laws  by  which  matter  and  physical  agents 
act  and  react  on  each  other  ;  or,  in  the  words  of  Paley, 
attempt  to  define  the  “  limits  which  the  Deity  has  pre¬ 
scribed  to  His  own  power.” 

That  matter,  and  the  power  of  moving  matter  exist, 
both  within  our  own  corporeal  frames,  as  well  as  in  the 
world  around  us,  we  cannot  doubt,  without  doubting  our 
own  existence.  By  evidence  equally  irresistible,  we  are 
impelled  to  the  belief,  that  matter,  and  the  power  of 
moving  matter,  though  every  where  conjointly  existent  and 
exerted,  must  be  essentially  different.  In  other  words, 
that  matter  does  not  move  in  virtue  of  any  property 
necessarily  belonging  to  it  as  matter;  but  that  matter 
was  first  created  and  set  in  motion  by  the  Deity  when  he 
formed  the  universe ;  and  that  the  motion  then  originally 
imparted  to  it,  is  still  retained,  and  will  continue  to  be 
retained,  by  matter  “till  time  shall  be  no  more.” 

The  faculty  of  deducing  these  important  inferences 
from  the  phenomena  of  nature,  is  our  peculiar  privilege  : 
but  at  present  we  can  go  no  further.  Of  the  positive  or 
abstract  nature  of  matter  and  of  power,  any  more  than  of 
the  positive  and  abstract  nature  of  the  Deity  Himself,  we 
know  absolutely  nothing.  Such  knowledge,  doubtless  for 
the  wisest  purposes,  has  been  placed  beyond  the  pale  of 

*  Paley’ s  Natural  Theology,  chap.  iii. 


MATTER  AND  PHYSICAL  AGENTS  IN  GENERAL.  23 

the  human  intellect,  and  is  probably  even  incompatible 
with  our  nature.  Our  present  line  of  duty  therefore  is 
clearly  defined.  We  must  study  natural  phenomena  as 
they  have  been  revealed  to  us ;  and  hope, — what  is  not  un¬ 
reasonable,  and  cannot  be  unlawful, — that  the  information 
thus  acquired  will  the  better  fit  us  for  that  fulness  of 
knowledge  to  which  we  aspire. 

In  conformity  with  these  views,  we  shall  avoid  ab¬ 
stract  speculations  :  and  taking  for  granted  that  matter 
and  power  exist,  and  are  different;  assume  their  relation¬ 
ship  to  each  other  to  be  that  of  passion  and  agency.  Ac¬ 
cording  to  this  assumption,  matter  is  entirely  passive  ; 
while  the  forces  by  which  it  is  moved  are,  as  it  were,  per¬ 
sonified,  i.  e .,  supposed  to  be  wielded  by  subordinate  and 
delegated  existences,  capable  of  exerting  physical  force 
according  to  certain  laws,  and  within  certain  limits,  pre¬ 
scribed  by  the  Deity;  of  whose  will,  therefore,  they  are  the 
immediate  executors.  In  other  words,  to  use  the  lan¬ 
guage  of  Paley,  this  assumption  regards  physical  agency 
as  exerted  by  “  subordinate  beings,  to  whom  the  Deity, 
after  having  laid  down  certain  laws,  and  furnished  certain 
materials,  has  delegated  the  task  of  drawing  forth  a  crea¬ 
tion.  ’ 
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CHAPTER  IV. 

OF  MATTER  IN  GENERAL. 

Of  the  positive  and  abstract  nature  of  matter,  as 
already  stated,  we  know  nothing.  We  contemplate  mat¬ 
ter  here  as  it  exists  around  us,  and  particularly  with 
reference  to  its  mechanical  properties.  For  this  purpose 
we  shall  take  a  short  view — first,  of  the  Mechanical 
Divisibility ,  and  of  the  Molecular  Condition  of  matter;  and 
— secondly,  of  the  Forms  of  Aggregation  assumed  by 
material  molecules.  We  shall  then  endeavour  to  show 
that  the  molecular  condition  of  matter  is  not  a  necessary 
condition ;  and  consequently  that  the  molecular  condition 
of  matter  cannot  be  proved  to  be  eternal . 


Section  I. 

Of  the  Mechanical  Divisibility  ;  and  of  the  Molecular  Con¬ 
dition  of  Matter. 

Although  natural  bodies  differ  infinitely  in  their 
qualities,  and  are  in  general  very  heterogeneous  in  their 
composition ;  many  are  composed  of  homogeneous  mat¬ 
ter,  and  vary  only  in  magnitude,  from  others.  Magni¬ 
tude  or  Quantity ,  therefore,  within  the  limits  cognizable 
by  our  senses,  has  nothing  to  do  with  the  properties  of 
bodies  ;  and  how  much  soever  we  may  subdivide  a  homo- 
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geneous  body,  still  its  visible  component  parts  will  all  be 
similar  to  the  original  mass.  Thus  the  minute  but  sensible 
portions  into  which  a  quantity  of  marble,  of  water,  or  even 
of  air  may  be  subdivided,  are  all  found  to  possess  precisely 
the  same  properties  as  the  original  aggregates.  Nor  do 
we  stop  at  the  limits  defined  by  our  organs  of  sense. 
We  infer  that  the  divisibility  of  matter  may  be  carried 
much  beyond  these  limits.  That  marble,  water,  and  air, 
for  instance,  may  be  subdivided  into  parts  so  minute  as  to 
cease  to  be  cognizable  by  us.  But  where  inference  thus 
supplies  the  place  of  actual  observation,  we  are  com¬ 
pelled  to  change  our  logic.  No  longer  able  to  appeal  to  the 
evidence  of  our  senses  for  the  truth  of  our  conclusions,  we 
have  recourse  to  facts  and  arguments  remotely  bearing  on 
the  subject ;  and  thus  endeavour  to  give  our  inference 
the  utmost  probability  it  will  admit.  We  make  this  re¬ 
mark,  no  less  for  the  sake  of  illustrating  what  has  been 
already  said  regarding  the  rank  of  chemistry  as  a  science, 
in  the  second  chapter;  than  of  introducing  the  follow¬ 
ing  observations  on  the  further  subdivision  of  particles 
obtained  by  mechanical  means  into  Ulthnate  Particles , 
Atoms ,  or  Molecules  ;  that  is  to  say,  into  parts  so  minute 
as  not  to  admit  of  further  subdivision  without  destroying 
their  identity. 

Viewed  mathematically,  matter,  or  rather  space,  may  be 
conceived  to  be  divisible  ad  infinitum ;  at  least  no  limits 
can  be  assigned  beyond  which  the  subdivision  of  space 
may  not  necessarily  proceed.  But  there  cannot  be  any 
doubt  that  matter  as  it  exists  in  the  world  around  us,  is 
composed  of  ultimate  particles,  atoms,  or  Molecules  incapa¬ 
ble  of  further  division  without  change  of  their  properties. 
Thus  although  we  cannot  detach  individual  molecules 
from  a  mass  of  marble,  water,  or  air ;  yet  these  substances 
may,  by  various  artifices,  be  so  subdivided  that  individual 
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molecules  lose  tlieir  identity,  and  become  converted 
into  two  or  more  principles,  possessing  the  character  of 
elements.  We  say  elements ;  because  these  component 
principles  of  marble,  water  and  air  being  incapable  of 
further  molecular  subdivision,  may  be  justly  regarded  as 
primary  elements  ;  and  we  shall  find  hereafter  that  all 
the  infinite  variety  of  objects  in  the  world  may  in  fact 
be  reduced  to  a  few  of  such  primary  elements. 

The  following  remarks  will  serve  to  convey  to  the  gene¬ 
ral  reader  some  idea  of  the  magnitude  of  the  molecules 
of  which  bodies  consist;  and  to  show  how  infinitely 
their  minuteness  surpasses  the  limited  powers  not  only 
of  our  senses,  but  almost  of  our  conception.  We  shall 
select  for  illustration,  a  single  body  from  each  of  the 
kingdoms  of  nature. 

As  an  instance  from  the  mineral  kingdom,  we  may 
quote  from  Dr.  Thomson,  who  has  showm  that  a  molecule 
of  lead  cannot  weigh  more  than  the  1-3 10,000,000,000th, 
nor  an  ultimate  molecule  of  sulphur  more  than  the 
1-2, 015, 000, 000, 000th  of  a  grain,  and  probably  a  great 
deal  less ;  and  that  the  size  of  the  molecule  of  lead  can¬ 
not  surpass,  and  is  probably  much  smaller,  than  the 
1-888, ■ 492, 000, 000, 000th  of  a  cubic  inch  !# 

The  vegetable  kingdom  presents  us  with  innumerable 
instances,  not  only  of  the  minuteness  of  material  mole¬ 
cules,  but  of  their  activity,  in  the  almost  incredibly  rapid 
developement  of  cellular  structure  in  certain  jDlants. 
Thus  the  Bovista  giganteum ,  (a  species  of  fungus,)  has 
been  known  to  acquire  the  size  of  a  gourd  in  one  night. 
Now,  supposing  with  Professor  Lindley,  that  the  cellules 
of  this  plant  are  so  much  as  the  l-200th  of  an  inch  in 
diameter,  a  plant  of  the  above  size  will  contain  no  less 


*  System  of  Inorganic  Chemistry,  1.7. 
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than  47,000,000,000  cellules ;  so  that,  supposing  the 
plant  to  have  grown  in  the  course  of  twelve  hours,  its 
cellules  must  have  been  developed  at  the  rate  of  nearly 
4,000,000,000  per  hour;  or  of  more  than  sixty  six  millions 
in  a  minute  !*  and  when  we  consider  that  every  one  of 
these  cellules  must  be  composed  of  innumerable  molecules, 
each  one  of  which  is  again  composed  of  several  elementary 
molecules  ;  we  are  perfectly  overwhelmed  with  the  minute¬ 
ness,  and  number  of  the  parts,  employed  in  this  singular 
production  of  nature. 

But  the  animal  kingdom  perhaps  presents  us  with  still 
more  striking  instances  than  these.  Thus  animalcules 
have  been  discovered  whose  magnitude  is  such,  that  a 
million  of  them  do  not  exceed  a  grain  of  sand ;  and  yet 
each  of  these  creatures  is  composed  of  parts  as  curiously 
organized  as  the  structure  of  the  largest  species.  These 
animalcules  have  life  and  spontaneous  motion,  and  are 
endowed  with  feeling  and  instinct;  in  the  liquids  in 
which  they  live,  they  are  observed  to  move  with  astonish¬ 
ing  speed  and  activity  ;  nor  are  their  motions  blind  and 
fortuitous,  but  evidently  governed  by  choice,  and  directed 
to  an  end.  They  consume  food  and  drink,  from  which 
they  derive  nutrition  ;  and  are  therefore  furnished  with  a 
digestive  apparatus.  They  have  great  muscular  power, 
and  are  provided  with  limbs  and  muscles  of  strength  and 
flexibility.  They  are  susceptible  of  the  same  appetites, 
and  obnoxious  to  the  same  passions,  as  the  largest  animals. 
Must  we  not  conclude  that  these  creatures  have  hearts, 
arteries,  veins,  muscles,  sinews,  nerves,  circulating  fluids, 
and  all  the  concomitant  apparatus  of  a  living  organized 
body?  and  if  so,  how  inconceivably  minute  must  these 
parts  be?  If  a  globule  of  the  blood  of  these  animalcules 

*  Introduction  to  Botany,  p.  7. 
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bears  the  same  proportion  to  their  whole  bulk,  as  a  globule 
of  our  blood  bears  to  our  magnitude,  what  power  of  calcu¬ 
lation  can  give  an  adequate  notion  of  its  minuteness  ?* 

We  have  thus  endeavoured  to  convey  some  conception  of 
the  magnitude  of  theultimate  particles,  atoms, or  molecules, 
of  which  bodies  are  composed  ;  but  though  we  have  suc¬ 
ceeded  in  showing  that  these  molecules  cannot  exceed 
a  certain  size ;  we  are  by  no  means  certain  that  many 
others  are  not  in  reality  much  less — indeed  a  great  deal  less, 
than  the  least  magnitude  of  which  we  have  endeavoured 
to  convey  a  conception :  yet  notwithstanding  this  inap¬ 
proachable  minuteness,  the  component  molecules  of 
bodies  retain,  in  the  highest  degree,  all  the  characters  of 
matter  ;  and  moreover  possess  peculiar  properties,  different 
from  the  mere  mechanical  properties  of  material  particles, 
and  termed  molecular  properties  ;  as  we  shall  hereafter 
endeavour  to  explain. 


Section  II. 

Of  the  Forms  of  Aggregation  of  Material  Molecules. 

Matter  in  general  is  known  to  us  in  three  forms 
of  aggregation  only,  viz.  the  solid ,  the  liquid ,  and  the 
gaseous ,  (the  latter  form  including  vapours ,  and  cethers.) 

These  three  forms  of  material  aggregation  alike  depend 
on  the  molecular  condition  of  matter  just  described ;  but, 
as  will  be  subsequently  shown,  the  molecular  energies 
in  the  different  forms  of  aggregation  are  differently 
exerted.  In  their  well-marked  states,  the  three  forms 
of  material  aggregation  are  sufficiently  distinct ;  though  the 
whole  gradually  run  into  each  other — the  solid  into  the 
*  Cabinet  Cyclopaedia,  Art.  Mechanics,  p.  13 
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liquid,  and  the  liquid  into  the  gaseous  by  grades  so  im¬ 
perceptible,  that  in  many  instances  it  is  not  easy  to  say 
where  one  ends  and  the  other  begins.* 

The  notions  the  mechanical  or  natural  philosopher 
employs  in  reasoning  on  these  forms  of  aggregation  are 
— of  a  solid,  that  all  its  parts  are  indissolubly  and  unalter¬ 
ably  connected,  and  impenetrable  ;  so  that  the  -rela¬ 
tion  of  the  parts,  cannot  be  changed,  or  one  part  be 
set  in  motion  without  all  the  rest : — of  a  liquid ,  that  all 
its  parts  are  freely  moveable  among  one  another,  but  that 
it  is  not  dilatable  or  compressible  by  mechanical  means  : 
— of  a  gas  or  aeriform  body,  that  all  its  parts  are  not  only 
freely  moveable  among  one  another,  but  that  it  is  com¬ 
pressible  and  dilatable  without  limit.  Strictly  speaking, 
however,  there  are  no  objects  actually  existing  in  nature 
which  completely  conform  to  these  definitions  :  no  solid, 
for  instance,  absolutely  hard  and  impenetrable  ;  no  fluid 
not  compressible  and  dilatable;  no  gas  compressible  or 
dilatable  without  limits  :  and  these  circumstances  are 
evidently  the  necessary  result  of  the  peculiar  constitution 
of  all  natural  objects  described  in  the  preceding  section. 
Thus  bodies  composed  of  innumerable  molecules,  though 
apparently  solid,  can  scarcely  be  imagined  to  be  free  from 
interstices  or  pores.  Accordingly  we  shall  find  that  all 
natural  solids,  when  submitted  to  pressure,  undergo  con¬ 
densation,  and  occupy  less  space  than  before.  The  same 
remarks  may  be  made  with  respect  to  liquids.  On  the 
other  hand,  gaseous  matters,  also  supposed  to  consist  of  in¬ 
numerable  molecules,  cannot  for  that  reason,  be  infinitely 
compressible. 

*  It  may  be  proper  here  to  observe,  that  some  bodies,  as  water  for 
instance,  are  capable  of  existing,  under  all  ordinary  circumstances,  in 
that  imperfectly  gaseous  form  denominated  vapour.  Thus  even  ice 
gives  off  vapour  rapidly,  as  we  shall  find  hereafter. 
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Section  III. 

Arguments  founded  on  the  Molecular  Condition  of  Mat¬ 
ter, ,  in  proof  that  the  molecular  condition  of  matter  has 
not  always  existed ,  hut  must  have  been  created  by  an 
Intelligent  Being. 

The  arguments  relating  to  the  origin  and  object  of 
the  molecular  condition  of  matter,  may  be  classed  under 
the  three  following  heads : 

First, — that  matter  has  not  always  existed  in  its  present 
molecular  condition : 

Secondly, — that  matter  could  not  have  existed  in  its 
present  molecular  condition  by  chance. 

Thirdly,  and  consequently, — that  the  present  molecular 
condition  of  matter  must  have  been  the  work  of  a  volun¬ 
tary  and  intelligent  Being.  Other  deductions  might  be  made 
from  the  molecular  condition  of  matter,  some  of  which 
will  be  subsequently  alluded  to  :  at  present  we  confine 
our  arguments  to  grounds  admitting  of  no  controversy. 

In  the  first  place,  the  molecular  condition  of  matter, 
seems  to  prove  beyond  a  doubt,  that  matter  cannot  have 
eternally  existed  in  its  present  state. 

Although  we  can  form  no  idea  of  the  mode  in  which 
the  present  economy  of  the  universe  could  be  sustained 
without  the  intervention  of  matter  in  its  molecular  con¬ 
dition,  our  ignorance  on  this  point  does  not  prove,  nor 
can  we  prove  by  any  other  train  of  argument,  that  the 
molecular  condition  of  matter  is  a  necessary  condition. 
On  the  contrary  the  existence  of  matter  in  some  other 
condition  than  that  of  molecule,  is  not  an  impossible, 
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perhaps  not  an  improbable  supposition.  No  one,  for 
instance,  can  assign  a  valid  reason  why  all  the  matter  in 
the  universe  could  not  be  collected  into  a  few  impenetrable 
masses,  or  even  into  a  single  mass.  But  if  the  existence 
of  matter  in  some  other  condition  than  that  of  molecule 
be  possible,  the  molecular  condition  of  matter  cannot  be 
necessarily  an  eternal  condition — on  the  general  grounds, 
that  eternal  existence  implies  exemption  from  the  possi¬ 
bility  of  change .  The  molecular  condition  of  matter, 
therefore,  cannot  be  proved  to  have  existed  from  eternity, 
and  consequently  must  have  had  a  beginning. 

The  above  remarks  apply  to  the  molecular  condition 
of  matter  in  general ;  but  we  shall  see  hereafter,  that 
chemists  recognize  upwards  of  fifty  forms  of  matter,  all 
of  an  elementary  character ;  at  least,  we  cannot  at  present 
say,  that  one  of  these  forms  is  less  elementary  than  ano¬ 
ther.  Again,  the  number  of  molecules  in  each  of  these 
primary  elements,  great  as  it  is,  is  limited ;  the  properties 
of  the  molecules  also  are  fixed  and  definite ; — circum¬ 
stances  which  throw  further  insurmountable  difficulties  in 
the  way  of  the  supposition,  that  the  whole  of  the  primary 
material  elements  have  existed,  as  they  now  exist,  from  eter¬ 
nity.  For  how  has  it  happened,  it  may  be  asked,  that  the 
number  and  properties  of  these  primary  elements,  or  that 
the  number  of  the  molecules  of  which  they  consist,  are 
exactly  what  the  economy  of  nature  requires  ;  and  are 
neither  greater,  nor  less,  nor  different  ?  How  has  it  hap¬ 
pened,  that  things  supposed  to  be  infinite  in  some  re¬ 
spects,  should  be  finite  and  limited  in  those  respects,  in 
which  we  are  actually  able  to  trace  them ;  nay,  what  is 
more,  that  these  things  should  most  luckily  be  finite  and 
limited,  just  where  they  appear  to  be  required  to  be  so  ? 
He  who  can  satisfactorily  answer  these  questions,  may 
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contend  with  some  prospect  of  success  for  the  eternity  of 
matter,  and  of  its  properties,  in  their  present  form.  In 
the  mean  time,  we  assert  without  fear  of  contradiction, 
that  the  molecular  condition  of  matter  is  decidedly  arti¬ 
ficial  ;  or  to  use  the  words  of  a  celebrated  writer,  that 
material  molecules  have  all  “  the  essential  characters  of  a 
manufactured  article,”  *  and  consequently  are  not  eternal. 

Secondly.  If  the  present  molecular  constitution  of 
matter  has  not  always  existed,  it  must  have  been  produced 
at  some  time,  by  some  cause  superior  to  itself.  Now 
this  cause  must  have  operated  either  accidentally  and 
by  chance ;  or  voluntarily  and  under  the  influence  of  a 
will. 

With  respect  to  the  first  of  these  alternatives,  viz. 
chance  ;  the  endless  repetition  of  similar  parts  presented 
by  the  molecular  condition  of  matter,  seems  absolutely 
to  preclude  this  opinion.  Do  we  not  consider  it  a 
subject  of  wonder  to  see  even  two  or  three  things  by 
chance  alike  ;  as  for  example  two  or  three  human  faces  ? 
Should  we  not  consider  the  man  absolutely  mad,  who 
attributed  the  uniform,  or  manoeuvres,  of  a  regiment 
of  soldiers  to  chance?  and  can  we  then  resist  the 
argument  in  the  infinitely  stronger  shape,  in  which  it  is 
here  presented  to  us  ?  Thus,  as  the  idea  of  chance  seems 
too  monstrous  to  be  entertained  for  a  moment  by  any 
rational  being,  we  are  impelled  irresistibly  to  the  other 
conclusion  ;  viz.  that  the  cause  or  agent  who  formed  the 
molecular  condition  of  matter,  was  a  voluntary  agent, 
or  Being  ;  and  moreover,  that  this  Being  possessed  a 
power  commensurate  with  his  will. 

Thirdly.  The  agent  or  Being  who  constructed  the 


*  Sir  J.  Herschel  on  the  Study  of  Natural  Philosophy,  p.  38. 
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wonderful  system  we  have  been  considering,  must  have 
been  as  intelligent ,  as  he  was  powerful. 

W e  infer  intelligence  in  an  agent  from  the  fitness  and 
adaptation  to  certain  ends  exemplified  in  his  works. 
When,  for  instance,  we  see  a  machine  admirably  fitted 
for  the  office  it  performs ;  we  infer  that  the  maker  of 
that  machine  must  have  possessed  intelligence.  Now, 
if  we  judge  of  the  molecular  condition  of  matter  by 
this  rule  :  we  shall  find,  that  there  is  not  only  the  most 
extraordinary  fitness  and  adaptation  to  circumstances, 
displayed  in  its  arrangements,  as  far  as  we  can  under¬ 
stand  them,  but  beyond  what  we  can  understand  that  the 
maker  of  this  system,  must  not  only  have  possessed 
intelligence ;  but  intelligence  infinitely  surpassing  our 
own.  Even  the  very  adoption  of  the  molecular  con¬ 
dition  of  matter,  may  be  considered  as  indicating  intel¬ 
ligence  of  the  highest  kind  ;  for  of  all  the  conditions 
of  matter  that  can  be  conceived  to  exist,  the  molecular 
seems  best  adapted  to  the  purposes  of  creation, 

Such  are  a  few  of  the  leading  facts  deducible  from  the 
molecular  condition  of  matter.  And  when  we  contem¬ 
plate  all  the  wonderful  and  mysterious  phenomena  de¬ 
pendent  on  this  simple  condition,  what  a  still  more  sub¬ 
lime  idea  does  the  contemplation  convey  to  us  of  the 
wisdom  and  power  of  that  Being  who  first  contrived, 
and  still  directs  the  whole  !  When  or  where,  do  we 
naturally  exclaim,  does  this  Being  exist  ?  Whence  His 
wisdom  ?  Whence  His  power  ?  There  is,  there  can  be, 
but  one  answer  to  these  inquiries.  The  Being  who  first 
contrived  and  still  directs  all  these  things  must  have 
existed  from  eternity — must  have  been  omniscient— must 
have  been  omnipotent — must  have  been  God  ! 
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OF  AGENCY  IN  GENERAL. 

We  have  said  that  our  experience,  and  feelings 
irresistibly  impel  us  to  the  belief  that  a  Faculty  of 
Agency ,  i.  e.  a  faculty  of  exerting  physical  force  exists,  not 
only  in  the  world  around  us,  but  within  ourselves. 
Further  observation  and  reflection  also  teach  us  that 
this  faculty  of  agency,  is  of  two  kinds :  viz.  a  general 
faculty  of  agency  existing  throughout  the  universe,  and 
known  to  us  by  the  exertion  of  physical  forces  accord¬ 
ing  to  fixed  laws :  and  a  limited  faculty  of  agency 
existing  within  ourselves ,  and  known  to  us  by  the  exertion 
of  physical  forces  either  in  obedience  to  our  own  will ,  as 
intelligent  agents ;  or  in  obedience  to  a  will  different  from 
our  own ,  and  obviously  appertaining  to  a  different  in¬ 
telligent  agent .  We  shall  therefore,  consider  the  subject 
of  agency  in  general,  under  the  two  following  heads  or 
sections  : 

Section  I. — Agency  exerted  throughout  the  universe 
and  recognized  by  the  exertion  of  physical  forces  accord¬ 
ing  to  fixed  laws;  Unintelligent ,  Mechanical,  or  simply 
Physical  Agency  :  and  Section  II.  Agency  recognized 
by  the  exertion  of  physical  forces  in  obedience  to  the  will 
of  an  Intelligent  Agent ;  Intelligent  Agency. 
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Section  I. 

Of  Unintelligent  or  Physical  Agency. 

Physical  agency,  or  the  exertion  of  physical  forces,  is 
so  associated  with  matter,  that  to  us  these  forces  appear 
to  possess  all  the  characters  of  material  properties  with¬ 
out  which,  as  we  have  said,  we  could  not  conceive  matter 
to  exist.  Hence,  as  physical  agency  is  known  to  us  only 
through  the  medium  of  matter,  physical  forces  are  natu¬ 
rally  divided  into  two  orders,  viz.,  1.  Mechanical  forces , 
strictly  so  called  ;  or,  those  forces  exerted  in  connexion 
with  visible  aggregates  of  matter  :  and,  2.  Molecular 
forces ,  or  those  forces  operating  in  connexion  with 
the  invisible  and  ultimate  particles,  atoms,  or  mole¬ 
cules  of  which  we  have  shown  matter  to  consist.  We 
shall  endeavour  to  explain  in  the  present  chapter  these 
two  great  orders  into  which  physical  forces  are  thus 
naturally  divided.  The  detailed  consideration  of  the 
exertion  of  physical  forces  by  Intelligent  Agents  more 
properly  belongs  to  the  last  Book. 

1.  Of  Mechanical  forces.  In  contemplating  mecha¬ 
nical  operations  as  displayed  by  the  reciprocal  motions 
of  two  material  masses,  we  recognize  in  all  instances  the 
exertion  of  two  co-ordinate  and  mutually  opposing  forces. 
These  forces  are  apparently  exerted  in  different  modes, 
and  have  in  consequence  acquired  different  appellations ; 
but  a  little  attention  shows  that  virtually  between  any 
two  given  masses  of  matter,  forces  are  exerted  in  two 
directions  only ;  viz.  a.  Centripetally ,  i.  e.  causing  the 
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mutual  approximation  of  two  masses  of  matter ;  and 
b.  Centrifn gaily ,  i.  e.  causing  the  mutual  separation  of 
two  masses  of  matter.  The  general  nature  and  rela¬ 
tion  of  these  two  forces  may  be  thus  briefly  illustrated. 

a.  Two  detached  masses  of  matter,  when  unimpeded, 
move  toward  each  other  in  virtue  of  a  force  mutually 
exerted  between  themselves,  and  termed  an  attractive 
force.  This  Attractive ,  Centripetal ,  or  Gravitating  force 
belongs  to  every  atom  as  well  as  aggregate  of  matter  in 
the  universe,  and  is  probably  coeval  with  the  creation 
of  matter.  The  attractive  force  of  matter  therefore 
might  have  existed  before  the  Deity  endowed  it  with 
motion,  and  thus  caused  its  separation  into  masses. 

b.  Two  detached  masses  of  matter,  however,  do  not 
rush  together  instantaneously ;  but,  as  will  presently  be 
shown,  their  motions  toward  each  other  occupy  time ; 
and  are  slower  as  the  masses  are  larger,  and  the  further 
they  are  separated.  Thus,  besides  their  mutually  attrac¬ 
tive  force,  two  detached  masses  of  matter  exert  a  mutu¬ 
ally  opposing  force  ;  wdiich  mutually  opposing  force  retards, 
or  has  a  tendency  to  counteract,  their  union.  Now,  to 
the  existence  of  this  opposing ,  or  Centrifugal  force  (termed 
in  the  sense  we  are  contemplating  it,  the  Inertia  of  matter*) 
we  owe  the  stability  or  rather  the  existence  of  the  present 

*  Many  objections  liave  been  offered  to  the  term  vis  inertice  adopted 
by  Newton.  Indeed,  to  speak  of  mere  inertia  or  inactivity  as  a  force, 
is  obviously  absurd.  We  have  always  agreed  with  those  who  think 
that  the  term  inertia  has  been  unfortunately  chosen  ;  since  inertia  ex¬ 
presses  only  one  quality,  as  it  wrere,  of  that  which  is  attracted ,  and 
which  reacts  in  return.  But  we  fully  acquiesce  in  the  opinion  that 
whatever  resists  attraction  or  reacts,  is  as  appropriately  named  a  force 
in  a  certain  sense  of  that  term*  as  that  which  attracts  or  acts  ;  and 
such  faculty  of  resistance  or  opposition,  is  in  all  instances  virtually 
considered  by  the  mathematician  as  a  force,  whatever  he  may  choose 
to  designate  it. 
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order  of  things ;  for  did  an  attractive  force  alone  exist 
among  material  bodies,  they  would  all  necessarily  rush  to¬ 
gether  at  once,  and  cause  the  instantaneous  collapse  of  the 
universe.  The  opposing  or  centrifugal  force  of  matter 
must  be  coeval  with  the  motion  of  matter,  and  conse¬ 
quently  with  the  present  order  of  things  ;  but  cannot, 
like  the  attractive  force  of  matter,  be  supposed  to  have 
had  a  prior  existence. 

The  preceding  is  the  view  of  the  two  forces  of  gravi¬ 
tation  which  has  been  usually  adopted  by  mechanical 
philosophers,  since  the  time  of  Newton.  In  a  subsequent 
chapter  we  shall  again  have  occasion  to  refer  to  them. 
At  present  it  is  sufficient  to  remark  that  the  developement 
of  the  mutual  relations  and  operations  of  these  forces  by 
Newton  has  constituted  one  of  the  proudest  triumphs  of 
the  human  intellect. 

There  is,  however,  another  view  of  this  subject,  which 
may  be  briefly  mentioned  here,  and  which,  while  it  does 
not  exclude  Newton’s  principles;  may,  from  its  more 
general  character,  be  said  to  comprehend  or  include  them. 
This  view  or  hypothesis,  like  that  of  Newton,  supposes 
an  attractive  or  centripetal  force  to  have  been  originally 
imparted  by  the  Deity  to  matter.  The  opposing  or 
centrifugal  force  of  matter  also,  as  in  the  hypothesis  or 
Newton,  is  supposed  to  be  conveyed  through,  or  rather  to 
result  from,  its  motion ;  but  here  the  analogy  between  the 
hypothesis  of  Newton,  and  the  hypothesis  we  are  now 
considering,  terminates.  The  hypothesis  we  are  now 
considering  supposes,  that  besides  an  attractive  force, 
a  tendency  to  motion  on  itself  as  a  centre ,  or  rather , 
on  its  own  axis ,  was  likewise  imparted  by  the  Deity  to 
every  material  molecule  and  aggregate  in  the  universe, 
when  He  called  the  present  creation  into  existence  :  that 
while  the  attractive  force  of  matter,  cceteris  paribus ,  in¬ 
creases  as  its  quantity  increases,  the  velocity,  and  conse- 
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quently  the  intensity  of  the  force  resulting  from  the  velocity, 
of  such  molecule  or  mass  of  matter,  c ceteris  paribus,  in- 
creasesas  its  quantity  diminishes:  that  owing  to  the  compa¬ 
rative  state  of  rest  in  which,  according  to  this  hypothesis, 
the  Poles  of  all  molecules  and  masses  in  motion  on  their 
axes  exist,  the  aggregate  amount  of  the  force  of  attrac¬ 
tion  in  the  universe,  necessarily  exceeds  the  aggregate 
amount  of  the  antagonist  or  centrifugal  force  resulting 
from  rotatory  motion  :  and  finally,  that  this  excess  of  the  at¬ 
tractive  over  the  repulsive  force  in  nature,  constitutes  the 
attractive  force  of  gravitation  contemplated  at  present  by 
mechanical  philosophers. 

2.  Of  molecular  forces.  Of  the  nature  of  the  forces 
exerted  by  matter  in  the  molecular  condition,  there 
has  been,  and  still  is,  great  diversity  of  opinion.  This 
difference  of  opinion  arises  from  various  causes ;  but 
principally  from  the  minuteness  of  the  individual  mole¬ 
cules  of  which  matter  consists,  and  the  consequent  minute 
and  imperceptible  character  of  the  motions  of  such 
molecules.  Moreover,  in  different  instances  molecular 
forces  apparently  assume  so  many  different  forms,  that 
it  becomes  a  work  of  great  difficulty,  if  not  of  im¬ 
possibility,  in  the  present  state  of  our  knowledge,  to  re¬ 
duce  them  to  a  uniform  system.  Molecular  forces,  how¬ 
ever,  are  usually  admitted  to  resemble  the  forces  of  gravi¬ 
tation  above  described,  so  far  as  universally  to  consist 
of  two  mutually  opposing  or  antagonist  forces;  the  one  of 
an  attractive  character  and  corresjionding  in  every  re¬ 
spect  to  the  attractive  force  of  gravitation,  with  which  it 
is  probably  identical ;  the  other  of  a  repulsive  character, 
and  more  or  less  resembling  the  centrifugal  force  of  gra¬ 
vitation  as  conveyed  through  the  inertia  of  matter. 
Molecular  operations,  however,  as  we  have  stated,  are  so 
numerous,  multiform,  and  wonderful,  that  philosophers 
have  not  yet  been  able  to  reduce  them  all  to  the  opera- 
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tion  of  the  same  two  antagonist  forces.  They  have 
been  obliged,  therefore,  to  frame  other  hypotheses,  so 
contrived  as  to  include  certain  groups  of  phenomena 
apparently  linked  together  by  some  common  principle. 
For  instance,  the  phenomena  of  light  in  motion,  have  been 
referred  to  the  progressive  transverse  undulce  or  waves  ex¬ 
cited  in  an  elastic  medium,  or  cether ,  supposed  to  pervade 
space.  By  the  same  hypothesis,  an  attempt  has  been  made 
to  explain  some  of  the  observed  phenomena  of  heat  in 
motion.  According  to  this  hypothesis  the  forces  exerted 
at  the  limits  of  an  individual  undula  or  wave,  (or  rather 
perhaps  at  the  central  points  between  the  limits  of  two 
consecutive  transverse  undular  motions),  are  necessarily 
exerted  in  opposite  directions,  and  consequently  bear  a 
relation  to  each  other,  somewhat  analogous  to  the  anta¬ 
gonist  molecular  forces  above  mentioned.  This  favourite 
hypothesis  of  progressive  transverse  setherial  undidce  has 
hitherto  been  confined  to  the  phenomena  of  light  and  of 
heat  in  motion  ;  and  seems  to  be  little  if  at  all  applicable 
to  the  phenomena  of  electricity  or  chemistry.  It  can  there¬ 
fore  be  considered  as  an  imperfect  and  partial  hypothesis 
only,  which  will  probably,  at  no  very  distant  time,  be  set 
aside  for  one  more  comprehensive  and  rational. 

As  we  have  mentioned  the  undular  hypothesis  as¬ 
sumed  to  explain  the  phenomena  of  light  and  heat,  it 
may  not  perhaps  be  improper  to  notice  an  hypothesis 
which  has  been  recently  framed  to  explain  some  other 
important  molecular  phenomena,  viz.,  the  cohesive  and 
chemical,  or  electric  phenomena  of  matter :  we  allude 
to  the  molecular  hypothesis  of  Mossotti,  which  has  been 
viewed  with  considerable  favour  by  some  philosophers. 

The  molecular  hypothesis  of  Mossotti  supposes  that 
each  molecule  of  matter  is  surrounded  by  an  atmosphere 
of  an  setherial  fluid  ;  that  the  atoms  of  the  setherial  fluid 
repel  each  other ;  that  the  molecules  of  matter  also 
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repel  each  other,  blit  with  less  intensity  than  the  atoms 
of  the  aether ;  and  that  there  is  a  mutual  attraction 
between  the  molecules  of  matter  and  the  atoms  of  the 
setherial  fluid.  Hence,  according  to  this  hypothesis,  when 
the  molecules  of  matter  are  inappreciably  near  to  each 
other,  they  exercise  a  mutual  repulsion  with  a  force  which 
rapidly  diminishes  as  the  infinitely  small  distance  between 
the  molecules  augments,  till  the  repulsive  force  becomes 
at  'length  evanescent.  At  this  neutral  point,  where  the 
repulsive  force  between  the  molecules  of  matter  ter¬ 
minates  and  the  attractive  force  commences,  the  mole¬ 
cules  have  neither  a  tendency  to  approach  nor  to  recede 
from  each  other.  Beyond  this  distance  the  attractive 
force  between  the  molecules  is  supposed  to  go  on  in¬ 
creasing  to  a  maximum,  and  the  molecules  throughout 
this  range  of  increased  attractive  force,  will  in  conse¬ 
quence  have  a  tendency  to  approach  each  other.  When 
the  molecules  are  still  further  apart,  the  attractive  force 
is  supposed  to  diminish  ;  and  as  soon  as  the  distance  be¬ 
tween  the  molecules  becomes  so  great  as  to  be  sensible, 
the  attractive  force  between  the  molecules  of  matter 
assumes  the  same  law  as  the  attractive  force  of  gravi¬ 
tation.  Lastly,  according  to  this  hypothesis,  on  account 
of  the  unequal  repulsions  supposed  to  exist  between  the 
molecules  of  matter  and  the  atoms  of  the  setherial  medium 
surrounding  these  molecules,  the  molecules  of  the  matter 
and  the  atoms  of  the  sot  her  attract  each  other  with  un¬ 
equal  intensities,  and  leave  an  excess  of  attractive  force 
which  is  supposed  to  constitute  the  attractive  force  of 
gravitation.* 

We  have  given  these  brief  sketches  as  examples  of 
the  hypotheses  which  have  been  framed  by  philoso- 

*  Connexion  of  the  Physical  Sciences,  hy  Mrs.  Somerville,  p.  122, 
fifth  edition.  The  reader  who  is  interested  may  also  refer  to  the  lately 
resuscitated  theory  of  Boscovieh. 
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pliers,  to  account  for  the  phenomena  .of  molecular  opera¬ 
tions  ;  but  we  candidly  confess  that  we  have  no  confidence 
in  either  of  them,  and,  from  their  partial  and  artificial  cha¬ 
racter,  consider  them  as  utterly  unworthy  to  be  as¬ 
cribed  to  the  Deity,  whose  primary  laws  are  ever  simple, 
general,  and  comprehensive.  To  us  it  appears,  therefore,  in¬ 
finitely  more  probable  and  more  consistent  with  Almighty 
power,  to  suppose  that  one  primary  set  of  laws  was  origi¬ 
nally  framed  for  matter  under  all  circumstances  of  quantity; 
than  to  suppose  that  two  primary  and  different  sets  of  laws, 
the  one  adapted  to  matter  in  the  mass,  the  other  to  matter 
in  the  molecule,  should  have  been  framed.  For  what  in 
reality  constitutes  the  distinction  between  matter  in  the 
mass  and  matter  in  the  molecule,  but  the  limited  nature 
of  our  own  organs,  by  which  the  comparison  between  the 
mass  and  the  molecule  is  estimated?  With  a  Being  in¬ 
finite  in  knowledge  and  power,  no  such  distinction  can 
for  a  moment  be  supposed  to  exist ;  and  if  no  such  dis¬ 
tinction  can  exist,  the  supposition  of  a  distinction  of  laws  is 
not  only  unnecessary  but  absurd. 

After  this  statement,  we  scarcely  need  observe  that 
the  molecular  hypothesis  we  prefer  is  identical  with  the 
mechanical  hypothesis  before  mentioned  ;  viz.,  that  two 
distinct  antagonist  forces  were  originally  imparted  by 
the  Deity  to  all  matter ;  that  one  of  these  forces  is  in  its 
nature  attractive,  and  increases  as  the  quantity  of  matter 
increases  :  that  the  other  of  these  forces  is  exerted  by 
matter  in  motion  on  itself  (or  axis) ;  is  of  a  repulsive 
nature,  and  increases  in  intensity  (like  the  motion  through 
which  it  is  exerted)  as  the  quantity  of  matter  decreases ; 
and  finally,  that  the  operations  of  the  microcosm,  or  world 
imperceptible  to  our  senses,  are  precisely  identical  with 
the  operations  of  the  macrocosm,  or  sensible  universe.* 

*  It  may  be  observed  that  philosophers  universally  admit  the  ex¬ 
istence  of  the  attractive  force  of  matter  in  general,  and  that  it  is  the  same 
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The  exertion  of  mechanical  forces  by  matter,  is  usually 
known  to  us  by  its  change  of  place — in  short,  by  the 
motion  of  matter ;  which  motion  being  either  directly  or 
indirectly  cognizable  by  us,  becomes  as  it  were  the  index 
or  signal  of  exerted  force.  A  remarkable  contrast,  how¬ 
ever,  exists  between  the  properties,  as  w^ell  as  the  relations 
to  motion  of  the  two  primary  antagonist  forces  of  matter, 
which  deserve  to  be  briefly  noticed. 

A  single  molecule  of  matter  at  rest ,  though  endowed 
with  attractive  force,  could  not  display,  and  therefore 
could  not  be  known  to  possess,  such  attractive  force, 
without  the  presence  of  other  molecules :  but  a  single 
molecule  in  motion  on  its  axis  is  statically  self-potential ; 
i.  e.  is  capable  of  exerting  centrifugal  force  without 
change  of  place,  and  without  reference  to  the  presence 
of  other  molecules.  These  essential  differences  between 
the  two  primary  antagonist  forces  of  matter  affect  their 
relations  to  motion  :  thus  motion  follows,  or  is  the  conse¬ 
quence  of  the  exertion  of  the  centripetal  or  attractive  force 
of  matter  ;  while  the  existence  of  axis  motion  precedes ,  and 
is  as  it  were,  immediately  necessary  to  the  exertion  of  the 
centrifugal  force  of  matter.  In  other  words,  attractive 
force  is  the  immediate  cause  of  centripetal  motion, 
i.  e.  the  motion  of  two  different  portions  of  matter  toward 
each  other  ;  axis  motion  the  immediate  cause  of  repul¬ 
sive  force,  or  centrifugal  motion,  i.  e.  the  motion  of  twTo 
different  portions  of  matter  from  each  other. 

From  what  has  been  stated  it  appears  that  in  all  the 
hypotheses  which  have  been  framed  to  explain  molecular 

in  kind  and  degree  for  matter  in  every  condition  and  quantity  ;  they  only 
doubt  about  the  opposing  or  repulsive  force  of  matter.  But  is  not  the 
identity  and  universality  of  the  attractive  force  of  matter  a  powerful 
argument  for  the  identity  and  universality  of  the  opposing  or  repulsive 
force  of  matter  ? 
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phenomena,  there  has  been  universally  an  assumption  of 
two  forces.*  Now  from  the  general  unanimity  of  phi¬ 
losophers  on  this  point,  how  much  soever  they  may  have 
differed  in  others,  we  may  safely  assume,  without  enter¬ 
ing  into  any  lengthened  argument  on  the  subject,  that 
one  force  is  insufficient,  and  more  than  two  forces  are 
unnecessary ,  to  explain  molecular  phenomena.  All  mo¬ 
lecular  operations,  therefore,  however  complicated  they 
may  appear,  are  essentially  dual ,  i.  e.  depend  on  the 
exertion  of  only  two  mutually  opposing  forces — a  most 
important  conclusion,  to  which  we  shall  have  occasion  to 
refer  hereafter. 

Finally,  we  would  remind  the  reader  that  the  primary 
attractive  force  and  the  rotatory  motion  of  matter,  above 
described,  are  not  to  be  regarded  as  properties  necessary  to 
the  existence  of  matter;  but  as  properties  voluntarily  super- 
added  to  matter  by  the  Deity,  when  He  first  called  the 
universe  into  existence.  Moreover,  as  there  are  no  other 
properties  of  which  we  are  cognizant,  we  may  suppose  these 
properties  to  have  been  constituted  the  sole  representatives 
of  His  power  and  executors  of  His  will  in  the  material 
world  ;  in  other  words,  as  already  stated,  these  properties 
or  physical  forces  have  operated,  and  will  continue  to 
operate  according  to  certain  prescribed  and  unalterable 
laws,  “  till  time  shall  be  no  more.”  Hence  all  sub- 

*  For  the  sake  of  illustration,  it  may  be  worth  while  to  notice  here 
the  principal  names  which  have  been  assigned  to  molecular  forces  under 
different  circumstances.  The  forces  concerned  in  the  phenomena  of 
light  and  heat ,  electricity  and  magnetism ,  are  usually  known  as 
the  forces  of  polarisation,  polarising  forces,  &c.  The  forces  on 
which  homogeneity,  or  the  union  and  separation  of  portions  of  the 
same  matter  depend,  are  called  cohesive  and  divellent  forces.  The 
forces  concerned  in  the  phenomena  of  heterogeneity,  or  the  chemical 
union  and  separation  of  portions  of  different  matters,  are  denominated 
the  forces  of  affinity,  or  of  chemical  attraction  and  repulsion,  fyc. 
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ordinate  or  secondary  agencies  can  accomplish  their  par¬ 
ticular  purposes  only  by  the  aid  of  appropriate  machinery 
adapted  to  these  physical  forces  of  matter ;  or,  as  happily 
expressed  by  Paley,  “  when  a  particular  purpose  is  to  be 
effected,  it  is  not  by  making  the  laws  of  matter  wind  and 
bend  and  yield  to  the  occasion ;  but  it  is  by  the  interpo¬ 
sition  of  an  apparatus  corresponding  with  those  laws,  and 
suited  to  the  exigency  which  results  from  them,  that  the 
purpose  is  at  length  attained.” 


Section  II. 

Of  Intelligent  Agency. 

To  prevent  misconception,  we  shall  explain  at  the  out¬ 
set  the  sense  in  which  the  expression  Intelligent  Agent  is 
employed  in  the  following  pages. 

The  epithet  intelligent  is  intended  to  convey  the  mean¬ 
ing  that  the  being  to  whom  it  is  applied,  possesses  intelli¬ 
gence  or  Knowledge.  Now  the  knowledge  here  under¬ 
stood,  is  supposed  to  include  all  the  usual  and  necessary 
elements  of  knowledge  in  general ;  that  is,  not  only  the 
knowledge  or  consciousness  in  the  being,  of  proper  and 
individual  existence,  and  of  the  existence  of  other  beings 
exterior  to  itself ;  but  also  the  faculties  of  discriminating, 
comparing,  and  judging,  in  a  greater  or  less  degree,  among 
the  objects  known.  But  mere  knowledge  is  not  enough 
of  itself  to  constitute  an  intelligent  agent.  To  enable 
a  being  to  act  with  intelligence  two  other  faculties 
are  requisite,  viz.,  a  Will  to  act,  and  a  Power  to  exe¬ 
cute  or  accomplish  the  act  the  being  wills.  This  necessary 
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co-existence  of  three  distinct  faculties  in  every  intelligent 

•>  n 

agent  seems  to  have  been  recognized  from  the  earliest 
times,  though  no  one,  as  far  as  we  know,  has  distinctly 
stated  this  point,  or  noticed  its  important  consequences, 
totidem  verbis.  The  nature  and  relation  of  the  three 
fundamental  faculties,  of  knowledge ,  will. ,  and  power ,  to 
each  other,  are  so  interesting  and  wonderful,  that  it 
would  occupy  a  volume  to  consider  them  in  detail.  The 
inquiry,  however,  is  foreign  to  our  present  subject,  and 
we  shall  merely*  offer  a  few  illustrations. 

A  being  may  be  supposed  to  exist,  possessed  of  every 
kind  of  knowledge ,  but  without  the  will  or  the  power 
to  act.  Such  a  being  may  be  an  intelligent  being ,  but  can 
never  become  an.  intelligent  agent.  Moreover,  it  is  not 
improbable  that  such  intelligent  but  passive  beings  do 
exist.  On  the  other  hand,  we  can  scarcely  conceive  an  intel¬ 
ligent  being  to  exist  possessing  the  knowledge  and  the  will 
but  not  the  power  of  acting.  An  intelligent  agent  may 
indeed  exist  possessed  of  knowledge,  and  of  will,  toge¬ 
ther  with  a  limited  power  of  acting ;  and  such  limited 
intelligent  agents  are  most  of  the  subordinate  agents  we  are 
actually  acquainted  with;  not  even  excepting  man  himself ; 
whose  power  of  acting  is  far  inferior  to  his  knowledge 
and  will.  Did  man  possess  the  jmwer,  as  he  does  the 
knowledge  and  the  will  to  act,  what  could  he  not  ac¬ 
complish  ?  But,  fettered  by  the  gross  elements  of 
which  his  body  is  composed,  wdiile  his  knowledge  and  his 
wall  soar  to  other  w7orlds,  the  actual  power  of  man  is 
limited  to  the  bare  superficies  of  this,  the  earth  he  in¬ 
habits. 

Again  a  being  possessed  of  knowledge  and  power ,  but 
without  the  will  to  act,  cannot  be  supposed  to  become 
an  intelligent  agent ;  as  the  power,  without  the  will  to 
exert  such  power,  wrould  necessarily  remain  dormant,  and 
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never  be  called  forth  except  by  accident.  There  is, 
however,  one  remarkable  peculiarity  with  respect  to  this 
latter  supposition  which  we  may  briefly  notice.  We 
cannot  conceive  the  possession  of  knowledge  and  of  will 
by  a  being  imparting  to  that  being  the  power  to  act ; 
neither  can  we  conceive  the  possession  of  a  will  to  act, 
and  of  the  power  to  act,  imparting  to  a  being  the  know¬ 
ledge  how  to  act ;  but  we  can  conceive  the  possession  by 
a  being  of  knowledge  and  of  power  calling  forth,  or  pro¬ 
ducing  the  will  to  act .  Hence  in  all  intelligent  agents  the 
will  perhaps  may  be  viewed  as  the  result,  or  offspinng  of  the 
knowledge  and  power ;  and  within  the  limits  of  the 
knowledge  and  power  the  will  may  be  considered  as 
free . 

Lastly,  if  we  abstract  knowledge ,  and  endeavour  to 
imagine  a  being  to  exist  possessed  of  will  and  power , 
or  of  power  alone,  we  shall  find  the  conception  impossible. 
For  on  the  principles  above  stated,  a  being  can  be  sup¬ 
posed  to  will  only  what  he  knows ;  and  if  he  knows 
nothing,  he  can  will  nothing  ;  and  if  he  neither  knows  nor 
wills,  he  never  can  become  an  intelligent  agent ,  whatever 
may  be  his  power, — a  remark  that  naturally  leads  us  to 
revert  to  the  subject  of  physical  forces ;  which  may 
be  defined  to  be  unintelligent  agents  exerting  power , 
without  possessing  knowledge  or  will.  But  physical  forces 
act  or  are  exerted  according  to  a  law.  Now  a  law  neces¬ 
sarily  implies  the  existence  of  an  intelligent  Lawgiver , 
whose  power  is  practically  exerted  when  His  law  is 
carried  into  execution.  Physical  forces,  therefore,  in  all 
their  forms,  may,  as  we  formerly  stated,  be  viewed  as  the 
delegated  agents  of  a  superior  and  intelligent  Being ; 
in  other  words,  the  mechanical  forces  displayed  in  the 
world  around  us,  must  represent  nothing  more  nor  less  than 
the  immediate  and  manifested  power  of  the  Deity. 
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Thus,  to  recapitulate  what  has  been  said, — all  intelligent 
agents  must  possess  the  three  faculties  of  knowledge ,  will , 
and  power,  to  enable  them  to  accomplish  any  specific 
purpose.  Of  these  three  faculties,  the  will  and  the  power 
are  in  such  intelligent  agents  limited  by,  or  never  can 
surpass,  their  knowledge ;  while  in  subordinate  intelligent 
agents  the  power  is  usually  far  inferior  to  the  knowledge 
and  the  will.  In  one  intelligent  agent  only  are  the 
three  faculties  of  knowledge,  will,  and  power,  commen¬ 
surate  and  infinite  ;  and  from  this  infinite  and  everlasting 
Triune — The  Great  First  Cause ,  spring  all  knowledge 
and  all  power ;  whether  as  possessed  by  created  sub¬ 
ordinate  intelligent  agents,  within  whose  limited  know¬ 
ledge  and  power  He  has  left  the  will  free  ;  or  whether 
viewed  simply  as  knowledge  and  power  displayed  by 
Himself  through  the  medium  of  physical  forces,  acting 
in  obedience  to  His  will,  according  to  certain  fixed  laws. 

After  these  general  remarks  on  the  nature  and  qualifi¬ 
cations  of  intelligent  agents  ;  the  intelligent  agents  pre¬ 
siding  in  organised  beings,  and  directing  their  operations, 
particularly  claim  our  notice. 

That  the  elaborate  contrivances  displayed  in  the  struc¬ 
ture  of  organised  beings,  are  the  result  of  intelligence, 
no  one  doubts.  That  this  intelligence  is  primarily  derived 
from  the  Great  First  Cause  and  source  of  all  intelligence, 
no  one,  we  presume,  will  deny.  The  question  then  is,  in 
what  agencies  is  this  intelligence  immediately  vested  ?  Is 
intelligence,  as  some  contend,  so  vested  in  matter  itself  as 
to  enable  matter  to  wield  at  will  its  own  forces  f  Or,  as 
others  contend,  have  neiu  forces  been  imparted  to  the  mat¬ 
ter  entering  into  organised  beings  ?  Or,  finally,  as  we  con¬ 
tend,  do  there  exist  in  organised  beings,  subordinate  in¬ 
telligent  agents ,  belonging  to  a  higher  order  of  existences 
than  the  physical  forces  of  matter,  and  possessing  a  cer- 
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tain  limited  faculty  of  wielding  such  physical  forces  at 
will  ?  The  consideration  of  these  questions  in  detail 
belongs  to  a  future  part  of  this  volume,  where  they  will 
be  shortly  noticed.  In  the  mean  time,  we  shall  close 
the  present  chapter  with  a  recapitulation,  partly  supple¬ 
mentary  to  the  leading  points  discussed  in  the  foregoing 
pages. 

Although  matter  and  physical  agency  be  in  their  inti¬ 
mate  nature  absolutely  unknown  ;  yet  the  phenomena  they 
present,  and  their  mutual  relations,  are  to  a  certain  extent 
cognizable,  and  lead  us  to  the  following  conclusions: 

1.  Masses  of  matter  exist  and  move  in  what  we 
call  space  and  time.  But  whether  we  view  space  and 
time  as  unities ,  or  as  made  up  of  many  separate  parts , 
we  can  neither  assign  limits  to  the  unities,  nor  to  the 
number  of  parts :  that  is,  we  cannot  conceive  a  space, 
than  which  none  can  be  greater  or  less  ;  nor  a  num¬ 
ber  than  which  none  can  be  greater  or  smaller. 
Were  all  the  matter  in  the  universe,  therefore,  collected 
into  one  mass ,  and  that  mass  at  rest,  we  should  know 
nothing  of  space  and  time  in  the  sense  we  now  under¬ 
stand  these  terms ;  which  is  a  relative  sense  only. 

2.  The  positions  of  masses  of  matter  in  space ,  are 
constantly  changing  by  the  agency  of  two  opposing, 
forces,  the  one  proper  and  attractive,  the  other  resultant 
and  repulsive.  Neither  the  attractive  force  inherent  in 
matter,  nor  the  rotatory  motion  from  which  we  suppose 
its  repulsive  force  to  result,  can  be  proved  to  be  ne¬ 
cessary  properties  of  matter :  they  are  properties  volun¬ 
tarily  superadded  to  matter  by  the  Deity,  when  he  called 
the  present  order  of  things  into  existence. 

3.  Matter  by  the  agency  of  the  two  opposing  forces  so 
superadded,  has  moved,  and  will  continue  to  move, 
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throughout  all  time,  according  to  certain  laws,  prescribed 
by  the  Deity,  when  He  first  put  matter  in  motion  ;  these 
laws  the  Deity,  himself  never  infringes,  and  they  cannot, 
therefore,  be  infringed  by  any  subordinate  agent. 

4.  But  although  the  forces  exerted  by  matter,  and  the 
laws  which  these  forces  obey,  can  neither  be  suspended 
nor  infringed  ;  an  intelligent  being  who  understands  the 
laws  regulating  these  forces,  and  who  possesses  the 
will  and  capacity  to  direct  them,  by  the  aid  of  appro - 

.  priate  contrivances,  may  so  influence  their  operation 
as  to  cause  them  to  act  in  unusual  modes,  and  thereby 
to  produce  unusual  effects. 

5.  Lastly.  There  exist  innumerable  intelligent  agents 
who,  by  the  aid  of  appropriate  contrivances  are  con¬ 
stantly  combining  matter  into  aggregates,  which  in  virtue 
of  its  own  physical  forces  alone,  matter  circumstanced  as  it 
is,  would  never  form.  Such  aggregates  are  all  organised 
beings  ;  from  the  lowest  animated  corpuscle  up  to  man 
himself. 
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CHAPTER  VI. 


OF  THE  MUTUAL  RELATIONS  AND  LAWS  OF  OPERATION 
OF  THE  FORCES  OF  GRAVITATION. 

The  forces  of  gravitation,  as  we  have  stated,  are  attrac¬ 
tion  and  inertia.  These  forces,  and  their  laws  of  operation, 
may  be  thus  illustrated. 

In  the  first  place,  to  form  a  notion  of  what  is  termed 
the  inertia  or  inactivity  of  matter;  let  us  imagine  a 
portion  of  matter,  as,  for  example,  a  ball  of  lead  a,  de¬ 
tached  from  all  other  matter,  and  existing  absolutely  un¬ 
influenced  in  space.  Such  a  mass  of  matter,  if  supposed 
to  be  at  rest,  must  obviously  remain  so,  for  it  cannot 
move  itself.  On  the  other  hand,  if  the  mass  be  supposed 
to  be  in  motion,  it  must  continue  moving ;  for  it  can¬ 
not  be  conceived  capable  of  stopping  itself,  any  more 
than  of  setting  itself  in  motion :  in  short,  a  mass  of 
matter  under  such  circumstances  of  isolation  must  be 
considered  as  perfectly  passive  and  unable  to  change 
its  condition,  whatever  that  condition  may  happen  to  be, 
whether  of  motion  or  of  rest. 

Now  let  us  suppose  another  portion  of  matter,  as,  for 
example,  another  ball  of  lead  b,  exactly  of  the  same  size 
as  a,  placed  in  free  space  at  any  moderate  distance  from 
a,  and  away  from  all  other  influences ;  what  will  happen  ? 
General  experience  teaches  us,  that  under  these  circum- 
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stances,  the  two  balls  will  mutually  approach  each  other 
with  an  equal,  but  accelerated  motion,  till  they  meet  at 
a  point,  exactly  intermediate  to  the  points  at  which  they 
were  when  they  first  started  ;  and  the  inference  from 
this  experience  is,  that  the  two  balls  exert  a  mutual  and 
equal  attractive  force ,  which  causes  them  to  move  toward 
each  other.  If  the  ball  b,  be  twice  the  size  of  the  ball 
a,  the  two  balls  will  mutually  approach  each  other  as 
before :  but,  in  this  instance,  instead  of  moving  with  equal 
velocity ;  while  the  ball  a,  moves  two  feet,  the  ball  b, 
will  only  move  one  foot;  or  taking  an  extreme  case,  and 
supposing  the  ball  b,  to  be  indefinitely  larger,  say  a 
million  times  larger,  than  the  ball  a,  they  will  mutually 
influence  and  mutually  move  towards  each  other  as  be¬ 
fore  ;  but  the  motion  of  the  ball  b,  will  be  so  minute  as 
to  be  insensible,  while  the  motion  of  the  ball  a,  will  be 
the  greatest  possible. 

Here  we  have  instances  of  the  inertia ,  (inactivity ,  op¬ 
posing  force ,  &c.)  and  of  the  activity ,  (force  of  attraction , 
force  of  gravitation ,  &c.)  which  all  matter  was  formerly 
stated  to  reciprocally  exert  toward  all  other  matter :  the 
laws  of  these  forces,  and  the  laws  of  the  motions  con¬ 
nected  with  them,  as  deducible  from  the  circumstances 
above  stated,  or  from  other  circumstances  which  it  would 
be  foreign  to  our  present  purpose  to  enter  upon,  may,  in 
general  terms,  be  expressed  as  follows : 

44  The  mutual  attraction  of  two  bodies  increases,  in  the 
same  proportion  as  their  masses  are  increased,  and  as  the 
square  of  their  distance  is  decreased  ;  and  also,  the  mutual 
attraction  decreases,  in  proportion  as  the-  masses  of  the 
bodies  are  decreased,  and  as  the  square  of  their  distance 
is  increased.” 

These  laws  are  absolutely  general ;  and  not  only  ex¬ 
tend  to  the  utmost  limits  of  the  universe  hitherto  ex- 
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plored  by  man ;  but  to  every  form  and  condition  of 
matter,  without  exception,  and  without  reference  to  its 
other  properties.  These  laws,  therefore,  constitute,  pro¬ 
bably,  the  most  comprehensive  44  limits  which  the  Deity 
has  been  pleased  to  prescribe  to  His  power,”  and  within 
which  He  operates  with  the  most  unceasing  and  undevia¬ 
ting  regularity  and  certainty.  These  laws  have  also  the 
remarkable  property  of  being  so  amenable  to  the  laws  of 
quantity,  or  mathematics,  as  to  be  in  most  instances  as 
firmly  established  upon  reason,  as  abstract  truths  them¬ 
selves.  The  mind  of  a  Newton  was  chosen  to  reveal 
these  laws  to  man  ;  and  man’s  acquaintance  with  them, 
may  be  justly  considered  as  one  of  his  noblest  privileges. 
To  point  out  their  wonders  in  detail,  and  the  sublime 
conclusions  to  which  they  lead,  is  the  business  of  a 
colleague ;  at  present  we  have  to  consider  these  laws  in 
their  more  general  form  alone,  and,  except  in  a  single 
application  of  them,  merely  as  objects  of  comparison  with 
the  laws  of  molecular  action  more  immediately  connected 
with  our  own  subject. 

The  application  of  the  law  to  which  we  allude,  is  that 
peculiar  case,  or  instance  of  gravitating  force,  termed 
weight.  In  our  illustration  of  the  attractive  forces  of 
matter  above  given,  we  supposed  a  case  in  which  one  ball 
was  very  much  larger  than  another ;  now  this  precisely 
corresponds  with  the  globe  of  the  earth,  and  of  all  com¬ 
mon  bodies  near  its  surface.  The  Earth  is  more  than 
1,000,000,000,000,000  times  the  mass  of  any  body  which 
is  observed  to  fall  on  its  surface :  and  therefore,  if 
even  the  largest  body  which  can  come  under  observa¬ 
tion  were  to  fall  through  a  height  of  500  feet,  the  corres¬ 
ponding  motion  of  the  earth  would  be  through  a  space  less 
than  the  1-1, 000, 000, 000, 000, 000th  part  of  500  feet, 
which  is  less  than  the  1-1, 000, 000, 000, 000th  part  of  an 
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inch,  and  therefore  quite  inappreciable.*  Now  the  attractive 
force  exerted  between  the  Earth  and  detached  bodies, 
is  denominated  Weight.  Hence  the  weight  of  a  body,  at 
the  earth’s  surface,  is  proportionate  to  its  mass,  or  to  the 
quantity  of  matter  it  may  contain,  whatever  the  form  or 
qualities  of  that  matter  may  be — a  most  important  fact 
for  the  chemist ;  who,  by  employing  the  chemical  pro¬ 
perties  of  bodies  as  indications  of  identity  or  of  change, 
is  by  these  means  enabled  to  apply  to  them  the  more 
certain  measure  of  weight ;  and  thus  in  some  degree,  to 
bring  them  under  the  dominion  of  the  laws  of  quantity. 


*  Cabinet  Cyclopaedia,  Art.  Mechanics,  p.  79. 
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CHAPTER  VIL 

OF  THE  MUTUAL  RELATIONS  AND  LAWS  OF  OPERATION 
OF  THE  MOLECULAR  FORCES  OF  MATTER. 

In  a  former  chapter  we  attempted  to  show  that  all 
molecular  operations  depend  on  the  exertion  of  mutually 
opposing  forces.  Now  as  we  know  nothing  of  force  in 
the  abstract,  or  as  independent  of  matter,  it  follows  that 
matter  is  the  common  substratum  or  medium  of  all  mole¬ 
cular  operations  :  in  other  words,  the  phenomena  of  heat 
and  of  light ;  of  electricity  and  of  magnetism  ;  of  cohesion 
and  of  chemistry  ;  are  alike  the  result  of  forces  mutually 
exerted  by  material  molecules .  Admitting  this  view,  the 
molecules  of  matter  concerned  in  the  phenomena  of  heat 
and  light,  and  of  electricity  and  magnetism,  must  be  of 
extreme  tenuity,  as  no  amount  of  them,  hitherto  accu¬ 
mulated,  has  been  shown  to  have  weight .  The  molecules 
of  matter  therefore  concerned  in  the  phenomena  of  heat 
and  light,  and  of  electricity  and  magnetism,  have  been 
termed  Imponderable  Molecules.  On  the  other  hand,  accu¬ 
mulations  of  the  molecules  concerned  in  the  phenomena 
of  cohesion  and  chemistry,  sensibly  gravitate  toward  the 
earth,  i.  e.  have  weight ;  and  hence  the  epithet  of  Ponder 
able  Molecules  by  which  they  are  usually  distinguished. 
This  arbitrary  division  of  material  molecules  into  imponde- 
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rable  and  ponderable  is  so  convenient,  that  we  shall  pro¬ 
visionally  adopt  it ;  though,  as  before  stated, we  consider  the 
opinion  more  probable,  that  all  molecular  operations  are 
governed  by  the  same  laws,  without  reference  to  the 
weight  or  magnitude  of  the  molecules. 

With  regard  to  the  general  relations  of  imponderable 
and  ponderable  matter  it  may  be  remarked  ;  that  the 
great  intensity  of  the  centrifugal  forces  exerted  by  impon¬ 
derable,  as  compared  with  ponderable  molecules,  imparts 
to  imponderable  matters  many  of  the  characters  of  subor¬ 
dinate  agents.  In  this  character  of  subordinate  agents, 
we  shall  have  abundant  occasion  to  consider  heat  and 
light,  electricity  and  magnetism,  in  the  next  Book  ;  when 
we  come  to  speak  of  meteorological  phenomena. 

Lastly,  it  may  be  observed  that  in  no  instance  are  we 
cognizant  of  the  forces  mutually  exerted  by  a  single  pair  of 
molecules.  It  is  to  be  constantly  borne  in  mind,  therefore, 
that  molecular  forces,  as  we  know  them,  are  the  general 
results  of  numerous  molecules  in  simultaneous  action. 
Thus  the  phenomena  of  heat  and  light,  as  they  appear  to 
us,  are  the  joint  results  of  myriads  of  molecules  (or  un- 
dulce) ;  and  the  action  of  a  single  pair  of  molecules  (or 
undulce)  even  if  it  produced  the  sensations  we  term 
heat  and  light,  would  be  so  transient,  that  its  effects  would 
probably  elude  our  observation.  Again,  in  the  processes 
of  cohesion  and  chemistry,  we  are  only  cognizant  of  the 
general  phenomena  produced  by  the  numerous  molecules 
of  which  the  masses  of  matter  we  combine  or  separate, 
consist.  Of  the  nature  of  the  individual  molecules  com¬ 
posing  such  masses  of  matter ;  or  of  the  changes  or  move¬ 
ments  they  undergo  during  these  combinations  and  sepa¬ 
rations,  we  know  absolutely  nothing. 


CHEMISTRY. 


56 

The  subject  of  Imponderable  moleeides  will  occupy  the 
present  chapter,  of  which  Section  I.  will  include  the 
phenomena  of  Heat  and  of  Light ;  and  Section  II.  the 
phenomena  of  Electricity  and  Magnetism.  The  subject  of 
Po7iderable  molecules  will  occupy  the  two  subsequent  chap¬ 
ters;  viz.  Chapter  VIII.  which  will  include  the  pheno 
mena  of  Homogeneity  or  Cohesion ;  Chapter  IX.  the 
phenomena  of  Heterogeneity  or  Chemistry . 


Section  I. 

Of  Heat  and  Light. 

Heat  and  light  are  so  intimately  associated  in  nature, 
and  exhibit  so  many  phenomena  in  common,  that  we  shall 
consider  them  together. 

The  sensations  termed  heat  and  cold ,  light  and  dark¬ 
ness ,  are  too  well  understood  to  require  explanation. 
These  sensations,  however,  like  all  others,  are  merely  the 
effects  of  external  causes,  operating  on  and  through  our 
organs  in  a  manner  totally  unknown  to  us.  On  the  gene¬ 
ral  nature  of  the  causes  producing  these  sensations  we  have 
already  sufficiently  spoken  :  and  shall  not  therefore  enter 
further  on  that  part  of  the  subject  here. 

As  our  sensations  are  very  imperfect  measures  of  tem¬ 
perature  and  of  light;  when  we  wish  to  speak  with  preci¬ 
sion  on  these  subjects,  it  becomes  necessary  to  have  re¬ 
course  to  other  means  of  comparison.  Hence,  in  the  con¬ 
sideration  of  heat  and  light,  the  first  point  which  claims 
our  attention,  is  the  mode  of  estimating  their  degree; 
and  for  the  sake  of  the  general  reader,  we  shall  pre- 
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mise  the  principles  of  the  construction  of  the  Thermo¬ 
meter  and  Photometer ;  the  instruments  for  measuring 
heat  and  light. 

Of  the  Thermometer . — All  bodies,  as  we  shall  presently 
have  occasion  to  explain,  become  more  or  less  expanded  in 
bulk,  when  they  undergo  an  increase  of  temperature. 
Hence  the  relative  degrees  of  expansion  of  any  body 
mav  be  viewed  as  a  sort  of  measure  of  the  decree  of  heat : 
and  most  of  the  thermometers  employed,  act  on  this  prin¬ 
ciple.  Thus  the  common  thermometer,  as  is  well  known, 
consists  of  a  portion  of  some  fluid,  generally  of  mercury, 
enclosed  in  a  small  glass  ball,  the  cavity  of  which  ball 
communicates  with  a  tube  of  narrow  bore.  We  shall  sup¬ 
pose  the  quantity  of  the  mercury,  and  the  size  of  the  ball,, 
to  be  so  adjusted  to  each  other,  that  when  the  instrument 
is  placed  in  ice  on  the  one  hand,  and  in  boiling  water  on 
the  other,  the  whole  expansion  of  the  mercury,  between 
these  two  fixed  temperatures,  shall  take  place  within  the 
range  of  the  tube.  The  points  at  which  the  mercury 
stands  in  the  tube,  at  the  freezing  and  boiling  tempera¬ 
tures,  are  to  be  accurately  noted ;  and  the  intermediate 
space  on  the  scale  attached  to  the  tube  is  to  be  divided 
into  180  equal  parts  or  degrees  ;  the  freezing  point  of 
water  is  to  be  marked  32° ;  and  of  course  the  boiling 
point  of  water  180°  above,  or  212°.  Such  is  Fahrenheit  s 
scale,  employed  in  this  country ;  and  to  that  scale  the 
numbers  hereafter  mentioned  refer.  In  foreign  countries 
different  scales  are  made  use  of:  in  Sweden,  France, 
and  elsewhere,  wdiat  is  termed  the  Centigrade  thermometer 
is  generally  adopted.  In  this  thermometer  the  freezing 
point  of  water  is  marked  0°,  and  the  boiling  point  100°. 
In  other  parts  of  the  continent,  Reaumur  s  scale  is  much 
used.  In  Reaumur’s  scale  the  freezing  point  of  water,  as 
in  the  centigrade,  is  0° ;  but  the  boiling  point  is  only  80 
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These  different  graduations  are  easily  convertible,  but  it  is 
to  be  regretted  that  they  exist ;  as  they  cause  much  trouble 
and  confusion. 

Of  the  Photometer. — The  instrument  for  measuring  the 
relative  intensity  of  light  is  termed  a  photometer.  Of 
such  an  instrument  various  forms  have  been  proposed  ; 
but  at  present  they  are  all  so  imperfect ;  and,  as  compared 
with  the  thermometer,  so  little  used  ;  that  we  do  not 
think  it  necessary  to  enter  into  details  respecting  their  con¬ 
struction. 

Heat,  and  perhaps  light,  exists  in  two  distinct  states : 
viz.  in  the  sensible  or  moving  state ;  or  as  heat  and  light  in 
the  ordinary  signification  of  these  terms  ;  i.  e.  in  motion , 
and  appreciable  by  our  organs ;  and  in  the  insensible , 
latent ,  or  statical  condition.  At  present  we  shall  confine 
our  attention  to  the  phenomena  of  sensible  or  moving 
heat  and  light.  The  subject  of  insensible ,  latent ,  or  statical 
heat  will  be  more  advantageously  considered  when  we 
come  to  speak  of  the  natural  conditions  of  bodies ;  and  of 
the  changes  they  are  continually  undergoing. 

Of  Heat  and  Light  in  motion. — Heat  and  light  have  a 
constant  tendency  to  acquire  a  state  of  equilibrium  ;  to 
which  remarkable  property  their  incessant  motion,  and 
interchange  among  natural  bodies,  are  chiefly  to  be  re¬ 
ferred.  The  motions  of  heat  and  of  light,  in  one  respect, 
viz.  through  the  air  and  transparent  media,  are  similar : 
light,  like  heat,  does  not  move  through  opaque  media ;  in 
two  other  respects,  therefore,  the  motion  of  heat  is  peculiar. 
A  common  fire-place  very  well  illustrates  the  whole  of 
these  motions  of  heat  and  of  light. 

If  we  place  a  thermometer  directly  before  a  fire,  the 
thermometer  will  not  only  soon  begin  to  denote  an  in¬ 
crease  of  temperature ,  but  it  will  also  be  illuminated  by 
the  fire.  In  this  case  the  heat  and  light  have  made  their 
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way  through  the  space  between  the  fire  and  the  thermo¬ 
meter,  by  the  process  termed  Radiation  ;  a  form  of  motion 
therefore  common  to  heat  and  light.  If  we  place  a  second 
thermometer  in  contact  with  any  part  of  the  grate,  and 
away  from  the  direct  influence  of  the  fire  ;  we  shall  find 
that  this  thermometer  will  denote  an  increase  of  tempe¬ 
rature,  but  not  of  illumination.  In  this  case,  the  heat 
must  have  travelled  through  the  opaque  metal  of  the 
grate  by  what  is  termed  Conduction ;  a  form  of  motion 
consequently  peculiar  to  heat.  Lastly,  a  third  ther¬ 
mometer,  placed  in  the  dark  chimney,  away  from  the 
direct  influence  of  the  fire,  will  also  indicate  a  conside¬ 
rable  increase  of  temperature ;  but  not  of  light.  In  this 
case  a  portion  of  the  air  passing  through  and  near  the  fire, 
has  become  heated,  and  has  carried  up  the  chimney  the 
temperature  acquired  from  the  fire.  There  is,  at  present, 
no  single  term,  in  our  language,  employed  to  denote  this 
third  mode  of  the  propagation  of  heat ;  but  we  venture  to 
propose  the  term  Convection  ;*  which  not  only  expresses  the 
leading  fact,  but  also  accords  very  well  with  the  two  other 
terms.  Motion  by  convection,  like  the  motion  by  conduc¬ 
tion,  is  peculiar  to  heat.  From  these  facts  it  appears, 
that  of  the  three  modes  by  which  heat  may  be  propagated 
from  one  body  to  another,  there  is  only  one  mode  common 
to  heat  and  light ;  and  light,  unlike  heat,  can  neither  be 
propagated  through  solid  opaque  bodies,  by  conduction  ; 
nor  be  transported  from  one  place  to  another  by  convec¬ 
tion.  In  speaking  of  the  principal  phenomena  connected 
with  these  motions  of  heat  and  of  light,  we  shall  reverse 
the  order  above  given,  and  first  consider  the 

Phenonema  of  the  conduction  and  convection  of  heat. 
The  conduction  of  heat  is  chiefly  confined  to  solid 


*  Convectio ,  a  carrying  or  conveying. 
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bodies  ;  and  as  solids  exist  in  every  degree  of  consis¬ 
tency,  and  density,  from  perfect  fluidity  up  to  perfect 
hardness ;  the  conducting  power  varies  in  like  manner. 
The  conduction  of  heat  through  bodies  seems  to  take 
place  equally  in  all  directions.  In  general,  the  densest 
bodies,  as  metal,  stones,  hard  woods,  &c.,  have  the  greatest 
conducting  power ;  though  these  bodies  differ  exceedingly 
from  one  another.  Porous  bodies,  in  general,  are  bad 
conductors  ;  and  of  such  bodies,  charcoal  may  be  consi¬ 
dered  as  one  of  the  worst.  Among  substances  employed 
as  articles  of  dress,  hare’s  fur,  and  eider  down,  are  the 
worst  conductors  ;  and  flax  the  best.  The  relative  con¬ 
ducting  powers  of  this  class  seems  to  depend  much  on 
the  quantity  of  air  enclosed  within  their  interstices ;  and 
on  the  power  of  attraction  by  which  this  air  is  retained 
or  confined. 

The  conducting  power  of  liquids  and  of  gases  is  very 
limited;  though  under  certain  circumstances  they  appear 
to  possess  this  power  in  a  high  degree.  But  in  liquids 
and  gases  the  conducting  power  is  only  apparent ;  and 
heat  is  principally  communicated  through  liquids  and 
through  gases  by  the  third  process  above  alluded  to,  viz. 
convection.  By  convection,  however,  heat  is  chiefly  pro¬ 
pagated  in  one  direction,  that  is  to  say,  upwards.  Hence 
almost  any  degree  of  heat  may,  for  a  time,  be  applied  to 
the  upper  surface  of  a  liquid  or  of  a  gas,  without  materially 
affecting  the  temperature  of  the  lower  surface. 

Such  are  the  principal  phenomena  connected  with  the 
conduction  and  convection  of  heat :  and  among  the  ope¬ 
rations  of  nature  these  phenomena  are  of  constant  occur¬ 
rence,  and  will  be  found  to  be  of  the  utmost  impor¬ 
tance. 

Of  the  Radiation  of  Heat  and  of  Light. — Heat  and  light 
radiate  in  all  directions  in  straight  lines  and  with  in- 
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conceivable  velocity.  Heat  and  light,  when  of  considerable 
intensity,  appear  to  radiate  nearly  alike  through  all  gaseous 
bodies,  and  other  transparent  media.  The  passage  of  heat 
and  light,  through  transparent  media,  is  much  influenced, 
however,  by  their  degree  of  intensity ;  as  well  as  by  the 
thickness  of  the  transparent  media ;  and  by  other  circum¬ 
stances  at  present  imperfectly  understood.  Thus  the  low 
heat  from  boiling  water  readily  passes  through  a  thick 
plate  of  rock  salt,  but  is  effectually  stopped  by  a  very  thin 
plate  of  glass  ;  while  light,  of  every  degree  of  intensity,  as 
far  as  is  known,  passes  equally  well  through  both  media. 

Radiant  heat  and  light  are  reflected  from  the  surface  of 
bodies  according  to  the  same  mechanical  Jaw^s  to  be  pre¬ 
sently  noticed  ;  but  the  degree  of  their  reflection,  as  well 
as  of  their  absorption  by  the  surfaces  of  bodies,  depends 
much  on  the  nature  of  the  surface,  &c.  In  a  great  many 
instances  those  surfaces  which  reflect  light  most  perfectly, 
are  not  equally  adapted  to  the  reflection  of  heat.  Metals, 
for  example,  particularly  when  highly  polished,  are  the 
best  reflectors  of  heat ;  while  glass,  a  most  perfect  re¬ 
flector  of  light,  reflects  comparatively  little  heat.  Thus 
tin  plate  reflects  about  eight  times  as  much  heat  as  a 
glffss  mirror. 

The  radiation  likewise  of  heat  and  of  light  from  bodies, 
varies  according  to  the  nature  and  state  of  their  surface. 
Thus  a  surface  coated  with  lamp-black,  by  which  little  or  no 
light  is  radiated,  radiates  eight  or  nine  times  as  much  heat 
as  a  polished  surface  of  tin  or  of  silver;  and  in  general,  po¬ 
lished  surfaces,  particularly  of  metal,  radiate  much  less 
than  other  surfaces.  As  might  be  expected,  difference  of 
radiating  power  exerts  great  influence  in  the  cooling  of 
bodies ;  thus  warm  water  retains  its  heat  much  longer  in 
a  bright  tin  vessel ;  than  in  the  same  vessel  coated  with 
linen,  paint,  or  particularly  lamp-black. 
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Radiant  beat  and  light  are  absorbed  with  different  faci¬ 
lities  by  different  surfaces.  The  absorbing  power  of  sur¬ 
faces,  as  regards  heat  in  particular,  seems  to  vary 
directly  as  their  radiating  power ;  and  inversely  as  their 
reflecting  power.  That  is,  surfaces  receive  heat  by  radi¬ 
ation,  nearly  with  the  same  degree  of  facility  as  they 
give  it  off :  while  those  surfaces  which  reflect  most  beat, 
(and  we  may  add  light,)  of  course  must  absorb  least 
heat :  a  surface  covered  with  lamp-black,  for  example, 
receives,  in  a  given  time,  eight  or  nine  times  as  much 
heat  by  radiation,  as  a  polished  tin  surface  receives.  From 
these  statements  it  will  be  readily  inferred  that  the 
colours  of  bodies  may  have  considerable  influence  on  the 
radiation  and  absorption  of  heat  and  light ;  now  such  is  found 
to  be  the  case ;  and  the  darker  the  colour  of  a  body,  the 
more  readily  it  absorbs  heat  and  light,  and  gives  off  radiant 
heat.  These  properties  of  radiant  heat  and  light  are  all 
of  the  greatest  importance  in  the  economy  of  nature,  and 
will  be  often  referred  to  hereafter. 

Of  the  Mechanical  Laws  of  Heat  and  Light  in  motion. 
The  laws  of  the  motion  of  heat  and  light,  i.  e.  of  their 
Reflection ,  Refraction ,  Polarization ,  &c.,  properly  belong  to 
another  department ;  we  shall  therefore  treat  of  these  laws 
briefly,  and  as  far  only  as  they  illustrate  our  subject  in 
general.  As  the  longest  known,  and  therefore  the  most 
familiar,  we  have  chiefly  confined  our  illustration  to  the 
phenomena  of  light  in  motion  ;  and  shall  only  remark  that 
the  same  laws  of  motion,  with  some  differences  not  re¬ 
quiring  explanation  here,  are  found  to  apply  to  heat  in 
motion.* 

*  The  reader  who  is  interested  in  the  polarization  of  heat,  in  particu¬ 
lar,  is  referred  to  an  Essay  by  Professor  Forbes  of  Edinburgh,  by  whom 
the  phenomena  were  first  clearly  illustrated. 
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Reflection  and  Refraction  of  Light . — In  free  space,  as 
before  observed,  light  moves  in  straight  lines  :  but  when  a 
ray,  r,  Fig.  1,  falls  upon  a  polished  surface,  as  of  glass;  a 
portion  of  the  light  is  re¬ 
flected  in  the  direction  e  E, 
and  the  angle,  Rep,  called 
the  angle  of  incidence ,  is 
always  equal  to  the  angle, 
p  e  e,  called  the  angle  of 
reflection.  Another  portion, 
e  m,  passes  through  the  glass ; 
but  instead  of  continuing  to 


move  in  the  same  straight 

line,  is  bent  considerably  out  of  that  direction,  toward  the 
perpendicular  p  q  ;  the  bent  portion  of  the  ray  then 
makes  its  exit  at  m,  and  goes  on  in  the  direction  of  m  M, 
parallel  to  its  original  direction,  r  e.  This  portion  of  the 
ray  is  said  to  have  undergone  refraction ;  a  term  indicat¬ 
ing  that  its  natural  course  has  been  broken.  Such  are 
the  general  facts :  the  study  of  their  laws,  varieties,  and 
peculiarities,  as  modified  by  different  media,  constitutes 
the  science  of  optics  ;  a  branch  of  knowledge  not  falling 
within  our  present  inquiry.  In  connection  with  this  part 
of  our  subject  it  only  remains  to  observe,  that  in  passing 
through  the  most  transparent  bodies,  much  light  is  lost 
by  absorption,  and  in  other  ways.  So  also  when  light  falls 
upon  metallic  bodies,  such  as  polished  silver,  about  one-half 
only  is  reflected  ;  while  the  other  half  is  absorbed  and  lost. 
Different  substances,  however,  differ  materially  in  these 
respects  :  thus,  from  the  experiments  of  M.  Bouguer  and 
M.  Lambert,  it  appears,  that  in  fluids,  transparent  solids, 
and  metals,  the  quantity  of  light  reflected,  increases  with 
the  angle  of  incidence,  reckoned  from  the  perpendicular  ; 
whereas  in  white  opaque  bodies,  the  quantity  of  light 
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reflected,  decreases  with  the  angle  of  incidence.*  We 
shall  hereafter,  have  occasion  to  revert  to  these  curious 
facts. 

The  reflection  and  the  refraction  of  heat,  though  sub¬ 
ject  to  differences  formerly  alluded  to,  appear  to  follow  the 
same  general  laws  as  the  reflection  and  refraction  of 
light.* 

Polarization  of  Light. — The  next  property  we  have  to 
notice,  is  what  is  called  the  polarization  of  light.  Let  us 
suppose  Fig.  2,  to 
represent  a  bundle  of 
plates  of  thin  window- 
glass,  bound  together 
in  the  manner  indi¬ 
cated.  Let  r  e  be  a 
ray  of  light  falling  on 
the  upper  plate,  at  an 
angle  of  incidence  of 
about  56° :  a  portion  of 
the  ray  will  be  re¬ 
flected,  and  will  move  in  the  direction  e  e  ;  while 
another  portion  of  the  ray,  e  m,  will  pass  through  the 
bundle  of  glass  plates  onward  to  m  ;  according  to  the  Jaws 
of  reflection  and  refraction  already  stated.  Now  these 
rays  e  E,  and  m  m,  jmssess  remarkable  properties  ;  similar 
to  one  another  in  most  respects ;  but  directly  opposed  in 
another.  Of  these  properties  we  shall  endeavour  to  give 
a  general  idea. 

If,  after  the  ray  of  light  r  a,  has  fallen  upon  the  vertical 
glass  a,  Fig  3,  at  an  angle  of  incidence  of  56  ;  the  re- 

*  See  article  Optics,  p.  67,  and  68,  in  the  Library  of  Useful  Know¬ 
ledge.  Where  the  original  observations  are  to  be  found,  which  are 
there  referred  to,  we  do  not  at  present  know. 
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fleeted  portion  of  that  raj,  a  c,  be  received  on  a  plate  of 
glass,  c,  placed  at  the  same  angle  of  incidence  ;  and  if  this 
reflected  portion  of  the  raj  be  again  reflected  from  c  to 
e,  in  the  position  intended  to  be  shown  in  the  figure  ; 


Fig.  3. 


when  the  raj  r  is  first  reflected  in  a  horizontal  plane, 
rac,  and  then  in  a  vertical  plane,  ace;  the  portion  c  e, 
which  remains  of  the  original  raj  after  this  second  reflec¬ 
tion,  becomes  so  weak  as  to  be  scarcelj  visible ;  the  whole 
of  a  c,  the  first  reflected  portion  of  the  original  raj,  having 
passed  through  the  glass  c.  But  if  the  glass  c  be  turned 
round  90°,  (the  first  reflected  portion  of  the  raj  a  c9 
being  supposed  to  be  the  axis  of  motion,)  so  that  the 
second  reflected  portion,  c  e,  be  reflected  horizontallj ; 
instead  of  a  c  passing  through  the  glass  c,  as  before,  the 
whole  of  a  c  will  be  reflected  a  second  time  in  c  e.  Bj 
continuing  to  turn  the  plate  c  upon  the  axis  a  c,  round 
the  entire  circle ;  these  alternations  of  transmission  and 
reflection,  will  be  found  to  take  place  in  the  same  manner, 
at  the  two  other  quadrants  180°,  and  270°.  Hence  the 
raj  r  a,  bj  reflection,  has  acquired  properties  altogether 
new ;  it  is  said  in  short,  to  have  acquired  polarity ,  or  to 
have  become  polarized .  Now  recurring  to  Fig.  2,  the 
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ray  R  c,  in  that  figure,  will  of  course  obey  the  same  laws 
as  the  ray  r  a,  in  Fig.  3 ;  that  is  to  say,  the  ray  e  e  will 
have  acquired  polarity  by  reflection.  Let  us  now  con¬ 
sider  what  has  happened  to  the  refracted  ray  m  m,  in  the 
same  Fig.  2.  This  ray  m  m  will  also  be  found  to  be  po¬ 
larized  ;  but  if  we  receive  it  on  a  glass  plate,  f  g,  at  the 
polarizing  angle  of  56°,  we  shall  find  that  it  will  refuse  to 
be  reflected ;  whereas  the  reflected  ray  e  e  does  not  refuse 
to  be  again  reflected,  unless  the  plate  r  G  be  turned  round 
90° ;  or  be  turned  round  into  a  plane  at  right  angles  to 
that  plane  in  which  the  refracted  ray  m  M,  had  refused  to 
be  reflected.  Hence  we  conclude,  that  when  a  ray  of 
light  is  incident  at  the  polarizing  angle,  upon  a  transparent 
body,  the  whole  of  the  reflected  light  is  polarized,  while 
the  whole  of  the  transmitted  light  is  also  polarized ;  but 
in  a  plane  at  right  angles  to  that  in  which  the  reflected 
ray  is  polarized. 

Such  is  the  general  law ;  and  it  may  not  be  amiss  to 
allude  briefly  to  another  familiar  illustration  of  it.  Every 
one  is  acquainted  with  the  mineral  called  Iceland  spar, 
and  with  the  singular  property  which  this  mineral  pos¬ 
sesses  of  forming  a  double  image  of  objects  seen  through 
it,  or  its  property  of  double  refraction ;  in  other  words? 
when  a  ray  of  light  falls  on  a  crystal  of  such  spar  in  a  par¬ 
ticular  direction,  the  ray  is  separated  into  two.  Now  it  is 
a  remarkable  fact  that  if  these  two  rays  be  examined  in 
the  way  before  directed,  when  speaking  of  reflected  and 
transmitted  light ;  it  will  be  found  that  both  rays  are  po¬ 
larized,  but  that  the  two  rays  are  polarized  in  planes  at 
right  arigles  to  each  other  :  that  is  to  say,  the  ordinary 
transmitted  ray  is  polarized  like  the  ordinary  ray  trans¬ 
mitted  through  the  bundle  of  glass  plates ;  while  the  ex¬ 
traordinary  transmitted  ray  is  polarized  like  the  ray  re¬ 
flected  from  these  plates.  Many  bodies  are  similarly  con- 
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sti tuted ;  while  others  have  two  or  more  planes  or  axes  of* 
double  refraction,  giving  origin  to  a  variety  of  curious  and 
beautiful  properties,  which  it  would  be  quite  foreign  to 
our  present  purpose  to  detail  further. 

The  Polarization  of  Heat,  as  we  have  already  stated, 
obeys  the  same  general  laws  as  the  polarization  of  light. 
(See  note  p.  62.) 

Decomposition  of  Light. — -When  a  ray  of  light  from 
the  sun  r,  Fig,  4,  traverses  a  prism,  c  d  e,  instead  of 


Fig.  4. 


passing  onward  in  the  direction  Y ,  it  is  refracted  into  the 
spectrum  e  e ;  which  spectrum  when  received  upon  the 
screen  a  b,  will  be  found  to  consist  of  seven  different  co¬ 
lours,  in  the  order  represented  in  the  figure,  each  having, 
of  course,  different  refractive  powers ;  the  red  being  the 
least,  and  the  violet  the  most,  refracted  from  r  y,  the  origi¬ 
nal  direction  of  the  solar  beam.  This  oblong  image  is 
called  the  solar ,  or  sometimes,  the  prismatic,  spectrum;  and 
Sir  Isaac  Newton  found  that  each  colour  consists  of  light 
no  longer  separable,  into  others,  like  white  light,  but  hav¬ 
ing  uniform  refractive  properties :  hence  he  called  all  these 
seven  colours  simple,  or  homogeneous ;  in  opposition  to 
white  light  which  he  called  compound,  or  heterogeneous.* 

*  Sir  David  Brewster  lias  lately  shown  that  there  are,  in  fact,  but 
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The  composition  of  light,  presents  a  cine  to,  and  exhibits  the 
general  law  which  regulates,  the  endless  variety  and 
change  of  colours ;  since  bodies  appear  to  have  this  or  that 
colour,  according  as  they  have  the  power  of  reflecting  or 
transmitting  the  rays  of  this  or  that  colour,  and  of  absorb¬ 
ing  or  reflecting  the  rest ;  while  white  bodies  reflect  all  the 
rays,  and  black  absorb  all. 

Besides  colour ,  it  has  been  likewise  noticed,  that  diffe¬ 
rent  portions  of  the  prismatic  spectrum  possess  different 
heating ,  and  chemical  or  electrical ,  properties.  These 
properties  vary  in  some  respects,  according  to  the  nature 
of  the  prism  employed.  In  general,  the  heating  power 
increases  toward  the  red  ray ;  while  the  chemical  power 
increases  toward  the  violet  ray  :  the  chemical  power, 
however,  (which  seems  to  be  regulated  in  some  degree  by 
the  nature  of  the  colour,)  is  said  to  be  of  an  opposite  cha¬ 
racter  to  the  heating  ray,  and  greater  at  the  extremities  of 
the  spectrum  than  in  its  centre. 

The  chemical  properties  of  light,  or  of  some  influence 
propagated  from  the  sun  along  with  light,  have  lately 
attracted  much  attention.  The  facts  elicited  are  ex¬ 
ceedingly  interesting,  and  have  been  practically  applied 
to  various  purposes,  particularly  to  the  taking  of  like¬ 
nesses.  The  influence  of  the  chemical  properties  of 
light  in  the  economy  of  nature  is  as  yet  but  little  under¬ 
stood  ;  though  it  is  probable  that  their  effect  is  very  great 
in  many  natural  phenomena. 

Of  the  Sources  of  Heat  and  Light. — The  principal 
and  obvious  sources  of  heat  and  light  are  the  sun ,  elec¬ 
tricity ,  mechanical  action ;  change  of  physical  condition , 
change  of  chemical  condition ;  and  organic  action.  For 


three  simple  colours,  the  red ,  the  yellow ,  and  the  blue ;  and  that  all 
these  three  colours  exist  throughout  the  spectrum. 
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the  sake  of  convenience,  all  these  sources  of  heat  and 
light  may  here  be  briefly  noticed  together. 

The  sun  is  the  great  and  unvarying  source,  from  which 
both  heat  and  light  are  communicated  to  our  earth  :  but 
the  nature  of  the  sun,  and  the  mode  in  which  that 
wonderful  supply  of  heat  and  light  is  maintained,  are 
quite  unknown  to  us,  and  will  probably  always  remain  so. 
Electricity  is  another  source  of  heat  and  light,  which  are 
developed  at  the  moment  of  the  equilibrium  of  the  two 
energies ;  and  some  of  the  most  intense  degrees  of  heat 
and  light  that  have  been  produced,  have  sprung  from  a 
galvanic  apparatus.  Heat  and  light  are  also  a  frequent 
result  of  the  sudden  condensation  of  air ;  on  principles, 
not  perhaps  difficult  to  be  understood  from  what  has 
been  already  stated.  The  heat  arising  from  the  percussion 
and  condensation  of  solid  bodies  appears  to  be  limited, 
but  its  extrication  by  friction  seems  to  be  boundless  :  that 
is  to  say,  so  long  as  friction  is  kept  up,  heat  will  continue 
to  be  evolved  ;  but  whence  the  heat  is  derived,  does  not 
appear  to  be  capable  of  satisfactory  explanation  Another 
fertile  source  of  heat  is  the  physical  change  of  condition 
which  bodies  are  constantly  undergoing  in  nature :  such 
as  the  conversion  of  gases  into  liquids  ;  of  liquids  into 
solids ;  &c.  By  taking  advantage  of  these  conversions, 
we  can  accumulate  heat  at  will ;  as  for  instance,  by  the 
condensation  of  steam.  The  most  striking  effects  however 
are  produced  when  such  physical  changes  are  associated 
with  chemical  changes ,  as  is  very  often  the  case.  Physi¬ 
cal  and  chemical  changes  are  so  associated  in  combustion, 
the  most  common  source  of  artificial  heat :  where  all  the 
phenomena  consist  of  nothing  more  than  the  rapid  chemical 
union  of  certain  bodies  with  others ;  and  generally,  with 
the  principle  termed  oxygen .  Nearly  allied  to  chemical 
action,  and  perhaps  identical  with  it,  is  the  disengagement 
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of  heat  by  organic  changes, or  what  is  termed  animal  heat ; 
a  subject  we  shall  have  to  consider  in  a  future  part  of 
this  volume. 

In  concluding,  for  the  present,  our  remarks  on  heat  and 
light,  it  only  remains  to  observe,  that  the  phenomena,  and 
laws  of  motion,  of  these  subordinate  agents,  are  all  of  the 
highest  interest ;  as  constituting  limitations  and  prin¬ 
ciples  of  action,  to  which  the  Great  Author  of  nature 
most  rigidly  adheres  in  His  operations.  Hence,  whether 
we  view  the  distribution  of  heat  and  of  light  on  the  large 
scale,  as  regulating  climate  ;  or  whether  we  view  heat  and 
light  with  reference  to  the  most  trifling  particular,  as  the 
clothing  of  a  bud  or  of  an  insect ;  we  find  the  same  beau¬ 
tiful  adaptation  and  contrivance,  every  where  exemplified, 
to  ensure,  or  to  evade,  the  agency  of  these  all-important 
principles.  The  wonderful  arrangements  connected  with 
heat  and  light,  will,  however,  fall  more  naturally  to  be 
considered  in  another  part  of  this  volume :  we  shall 
therefore  defer  what  we  have  further  to  say  regarding 
them  till  we  come  to  meteorology. 


Section  II. 

Of  Electricity  and  Magnetism. 

The  agencies  of  electricity  and  magnetism  and  their 
power  in  the  economy  of  nature,  were  entirely  unknown 
till  recent  times.  The  ancients,  indeed,  had  observed  that 
amber  when  rubbed,  acquired  the  property  of  attracting 
straws  and  other  light  bodies,  in  the  same  way  they  had 
observed  that  the  magnet  attracts  iron  ;  but  they  carried 
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their  enquiries  no  further;  and  the  names  Electricity 
and  Magnetism  comprise  all  we  have  received  from  the 
ancients  relative  to  these  subjects.* 

Without  entering  into  details  for  which  we  must  refer 
the  reader  as  before  to  works  expressly  written  on  these 
two  branches  of  knowledge,  we  shall  give  a  brief  outline 
of  the  leading  facts  connected  with  them. 


Of  Electricity . 

There  are  two  modifications  of  Electricity,  viz.,  Electri¬ 
city  properly  so  called  ;  and  what  is  termed  Galvanism  or 
Voltaic  electricity.  These  two  modifications  of  electricity, 
as  will  be  afterwards  explained,  arise  from  differences  in 
the  mode  and  degree  of  operation  of  the  same  energies ; 
the  phenomena  however  are  so  dissimilar  that  they  are 
usually  considered  under  the  two  separate  heads  of 
a.  Electricity ,  and  b.  Galvanism ,  which  arrangement  ac¬ 
cordingly  we  shall  adopt. 

a.  Of  Electricity.  —  When  certain  substances,  as 
amber  above-mentioned,  also  sealing  wax,  glass,  &c.,  are 
rubbed  with  a  dry  silk  cloth,  they  acquire  the  property  of 
attracting  or  of  being  attracted  by  contiguous  bodies 
lighter  or  heavier  than  themselves.  Bodies  that  have 
acquired  these  properties  are  said  to  be  electrified ,  or  to  be 
electrically  excited ;  and  the  force  which  causes  the  action 
between  electrified  and  other  bodies  is  termed  electric 
attraction.  But  this  electric  attraction  is  not  the  only 
force  developed.  It  will  be  found  that  light  bodies  after 
they  have  touched  an  electrified  substance,  recede 

*  The  term  electricity  is  derived  from  gXeKrpov,  the  Greek  word  tor 
amber.  Magnetism  also  is  of  Greek  origin,  being  immediately  derived 
from  Mdyi/775,  a  magnet.  It  is  probable,  however,  that  both  these  terms 
are  of  an  origin  anterior  or  foreign  to  the  Greek  language. 
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from  it,  just  as  actively  as  they  approached  it  before  con¬ 
tact.  This  opposite  force  is  termed  electric  repulsion. 
By  the  aid  of  the  common  electrical  machine  these 
phenomena  of  electric  attraction  and  repulsion  may  be  dis¬ 
played  in  a  great  variety  of  amusing  as  well  as  instructive 
forms. 

At  the  very  outset  of  electrical  discovery,  the  remark¬ 
able  fact  was  noticed  that  certain  bodies  only  are  capable  of 
becoming  electric  by  friction.  This  observation  naturally 
led  to  the  division  of  substances  into  electrics  and  non-elec¬ 
trics.  It  was  soon  found,  however,  that  in  reality  all  bodies 
are  by  friction  electrically  excited  alike  ;  but  that  while 
the  electric  energies,  as  fast  as  they  are  excited  in  some 
bodies,  escape  along  their  surface  or  through  their  sub¬ 
stance,  these  energies  are  retained  by  other  bodies;  and  con¬ 
sequently  that  to  accumulate  electricity  in  non- electrics, 
it  was  merely  requisite  to  insulate  or  surround  them  with 
electrics.  Those  bodies  from  which  the  electric  energies 
readily  escape  are  now  called  conductors ,  while  those 
bodies  by  which  they  are  retained  are  called  non-conduc¬ 
tors ,  of  electricity.  The  principal  conductors  of  elec¬ 
tricity  are  the  metals,  charcoal,  and  water;  the  principal 
non-conductors  are  glass,  resins,  sulfur,  dry  wood,  and 
among  organized  bodies,  silk,  hair  and  wool.  Air  and 
gases  in  general  when  dry  are  non-conductors  of  elec¬ 
tricity,  but  act  as  conductors  when  saturated  with  water. 
A  knowledge  of  the  conducting  and  non  conducting  pro¬ 
perties  of  bodies  is  of  the  utmost  practical  value,  as  on 
these  properties  depend  almost  all  the  phenomena  of 
electricity,  whether  naturally  or  artificially  produced. 

Another  early  electrical  observation,  was  the  not  less 
striking  fact  that  the  electric  energies  manifested  by 
glass  and  sealing  wax,  when  rubbed  by  the  same  woollen 
or  silk  cloth  are  essentially  different.  Hence  it  was 
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inferred  that  there  are  two  kinds  of  electricity,  one  then 
termed  vitreous  electricity,  because  developed  on  glass; 
the  other  resinous  electricity,  from  being  first  noticed  in 
resinous  substances.  Further  investigation,  however,  in¬ 
to  the  nature  of  these  phenomena,  as  in  the  case  of  the 
terms  electric  and  non-electric  before  mentioned,  led  to  a 
change  of  nomenclature  ;  and  the  terms  positive  and  nega¬ 
tive  electricity,  are  now  adopted  for  vitreous  and  resinous 
electricity.  The  mode  of  distinguishing  between  positive 
and  negative  electricity  is  founded  on  the  circumstance, 
that  if  two  electrified  substances  are  both  positive  or  both 
negative,  they  are  invariably  disposed  to  recede  from  each 
other, — that  is,  to  exhibit  electric  repulsion  ;  but  if  one 
be  positive  and  the  other  negative,  their  mutual  action 
is  as  constantly  attractive. 

Substances  differ  exceedingly  with  regard  to  their 
positive  and  negative  electric  relations.  When  almost 
any  two  substances  are  rubbed  together,  the  one  be¬ 
comes  positively,  the  other  negatively  excited ;  and 
very  often  the  same  substance  will  apparently  possess  both 
forms  of  electricity  at  the  same  time  ;  that  is,  will  appear 
positively  electrified  by  friction  with  one  body,  and  nega¬ 
tively  electrified  by  friction  with  another. 

The  phenomena  of  electricity  have  been  explained  on 
different  principles  by  different  philosophers.  It  seems 
now  however  to  be  generally  admitted,  that  these  phe¬ 
nomena  depend  on  two  energies  or  forces  usually  existing 
throughout  nature  in  a  state  of  equilibrium,  in  which  state 
their  peculiar  powers  are  not  perceptible;  that  this  equi¬ 
librium  is  capable  of  being  destroyed  by  a  variety  of 
causes,  as  by  friction,  for  instance,  in  the  cases  we 
have  stated  ;  and  that  owing  to  the  different  capacities 
possessed  by  different  bodies  for  conducting  and  retaining 
the  electric  energies,  these  energies  can  be  partially  sepa- 
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rated  and  kept  asunder,  in  which  state  they  are  capable 
of  exhibiting  their  peculiar  powers.  But  in  this  disturb¬ 
ance  of  the  equilibrium  of  the  two  electric  energies,  it  is 
to  be  remarked  that  in  no  instance  do  we  suppose  that 
the  two  energies  are,  or  can  be  entirely  separated,  so  as  to 
reside  each  per  se  in  different  bodies  ;  but  that  a  portion 
of  the  energy  of  the  one  body  goes  to  the  other  body,  which 
at  the  same  time  returns  a  corresponding  portion  of  its 
antagonist  energy  :  hence,  other  things  being  equal,  each 
body  contains  the  same  total  quantity  of  the  two  electri¬ 
cities  as  before  the  equilibrium  was  destroyed. 

Of  the  Sources  of  JSlectodcity . — The  principal  sources 
of  electricity  are  the  friction  of  bodies  already  noticed ; 
also  change  of  temperature  ;  chemical  action  ;  contact  ; 
changes  of  form  ;  and  proximity  to  an  electrified  body.  To 
several  of  these  sources  of  electricity  we  shall  have  occa¬ 
sion  to  recur  in  future  parts  of  this  volume.  The  electri¬ 
cal  excitement  produced  by  proximity  to  an  electrified 
body,  requires  especially  a  brief  explanation  here,  as  being 
connected  with  a  very  intersting  class  of  phenomena, 
termed  the  phenomena  of  induction. 

Suppose  an  electrified  body  a,  (that  is,  a  body  having 
the  equilibrium  of  its  electric  energies  destroyed  in  the 
manner  before  explained)  be  brought  into  the  neighbour¬ 
hood  of  another  body  b  having  its  electrical  equilibrium 
entire,  what  takes  place?  The  electricity  e  of  the  body 
a,  acting  on  the  corresponding  electricity  e  in  the  body  b, 
repels  this  electricity  e  to  the  end  of  the  body  b  which  is 
farthest  from  the  body  a  ;  at  the  same  time,  the  other 
and  opposite  electricity  e,  is  attracted  to  the  end  of  the  body 
b  which  is  nearest  to  the  body  a.  The  body  b  therefore, 
while  under  the  influence  of  the  body  a,  will  exhibit  all 
the  phenomena  of  electricity,  and  is  said  to  be  electri¬ 
fied  by  induction.  But  if  the  body  a  lie  removed  from 
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the  neighbourhood  of  the  body  b;  immediately  the  natu¬ 
ral  equilibrium  of  the  energies  of  the  body  b  will  be 
restored  and  all  signs  of  electricity  will  vanish.  In  this 
experiment  neither  of  the  bodies  gains  or  loses  anything. 
As  such  phenomena  are  constantly  occurring  in  nature ; 
and  as  we  shall  have  occasion  to  use  the  word  induction , 
we  have  endeavoured  to  give,  as  regards  common  electri¬ 
city,  an  explanation  of  the  phenomena  intelligible  to  the 
general  reader.. 

b.  Of  Galvanism ,  or  Voltaic  Electricity ,  The  whole  of 
this  branch  of  knowledge,  which  owes  its  origin  as  well  as 
its  name  to  the  Italian  anatomist  Galvani,  may  be  said 
to  have  been  developed  within  the  last  sixty  years.  To 
Volta,  hoAvever,  another  Italian  philosopher,  the  credit  is 
undoubtedly  due  of  placing  the  subject  on  a  scientific 
basis ;  and  hence  the  term  voltaic  electricity ,  adopted  by 
some  writers. 

Common  electricity  and  voltaic  electricity  arise  from 
the  same  forces  ;  but  these  forces  are  in  general  excited  by 
different  means,  and  operate  in  a  different  manner  as  well 
as  under  different  circumstances.  Common  electricity, 
as  we  have  seen,  is  usually  developed  by  the  contact  of  dis¬ 
similar  bodies  in  motion ,  as  by  friction,  &c. ;  and  when  de- 
veloped,  the  condition  of  the  energies  is  usually  statical  or 
quiescent ,  and  are  only  momentarily  in  motion.  Voltaic 
electricity,  on  the  contrary,  is  for  the  most  part  developed 
by  the  quiescent  contact  of  dissimilar  bodies  ;  and  when 
developed  the  energies  are  usually  displayed  dynamically 
or  in  constant  motion V  This  statement  furnishes  a  clue 
to  the  leading  distinctions  between  common  and  voltaic 

*  Strictly  speaking  the  phenomena  of  electricity  and  galvanism  are 
both  dynamical,  and  both  are  exerted  during  the  motions  ot  the  same 
energies  ;  but  as  stated  in  the  text,  the  energies  in  the  phenomena  ot  elec¬ 
tricity  are  only  momentarily  exerted,  while  in  the  phenomena  of  galvanism 
they  are  exerted  continuously. 
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electricity,  and  if  borne  in  mind  will  enable  the  reader 
to  understand  the  few  remarks  we  have  to  make  on 
these  subjects. 

When  two  insulated  plates  of  different  metals,  zinc 
and  copper  for  instance,  are  brought  into  contact  and 
again  separated,  the  electrical  equilibrium  of  both  plates 
will  be  found  to  be  destroyed.  In  the  case  supposed,  the  zinc 
will  be  found  to  have  acquired  an  excess  of  positive  elec¬ 
tricity,  and  the  copper  an  excess  of  negative  electricity; 
that  is  of  the  common  electricities  described  in  the  precede 
ing  section.  But  if  the  two  plates  of  metal  be  immersed 
in  water,  or  dilute  acid,  and  then  be  brought  into  contact, 
either  immediately,  or  mediately  by  means  of  a  conducting 
wire,  it  will  be  found  that  as  long  as  the  two  metals  remain 
in  contact  there  will  be  a  constant  current  of  positive  elec¬ 
tricity  circulating  from  the  zinc  through  the  water  or 
diluted  acid  to  the  copper ;  and  from  the  copper,  through 
the  point  of  contact  or  connecting  wire  of  the  two  metals 
to  the  zinc  ;  and  on  the  other  hand,  that  a  similar  constant 
current  of  negative  electricity  will  be  traversing  the  circuit 
described,  in  an  opposite  direction,  i.  e.  from  the  cop¬ 
per  to  the  zinc,  through  the  water  or  dilute  acid,  and 
from  the  zinc  to  the  copper  through  the  point  of  contact, 
or  the  wire  connecting  the  two  metals.  Such  are  the 
elementary  forms  and  relations  of  common  electricity  and 
of  voltaic  electricity.  The  combination  above  described 
constitutes  what  is  called  a  simple  voltaic  circle  ;  and  such 
a  voltaic  circle  may  be  formed  of  very  various  materials  ; 
but  the  combinations  usually  employed  consist  either  of 
two  perfect  and  one  imperfect  conductors  of  electricity, 
or  of  one  perfect  and  two  imperfect  conductors.  The 
substances  included  under  the  title  of  perfect  conductors, 
are  metals  and  charcoal ;  and  the  imperfect  conductors  are 
water  and  aqueous  solutions.  It  is  to  be  observed,  how¬ 
ever,  that  metallic  bodies  are  not  essential  to  the  produc- 
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tion  of  galvanic  phenomena.  Combinations  have  been 
made  with  layers  of  charcoal  and  ofblacklead  ;  of  slices  of 
muscle  and  of  brain,  and  of  beet-root  and  of  wood,  &c. ; 
but  the  forces  developed  by  these  circles,  are  very  feeble 
compared  with  forces  developed  by  the  metals  above 
stated.  It  is  also  to  be  observed  that  when  the  voltaic 
circle  consists  of  two  perfect  and  one  imperfect  conduc¬ 
tors,  the  imperfect  conductor  acts  chemically  on  one 
or  both  of  the  perfect  conductors  ;  while  at  the  same  time 
the  imperfect  conductor,  water  for  instance,  is  decomposed, 
and  one  of  its  elements,  oxygen  (in  the  case  of  water,)  is 
conveyed  to  the  metal  most  acted  on,  (zinc  in  the  case 
supposed,)  and  the  other  of  its  elements,  hydrogen,  is  con¬ 
veyed  to  the  metal  least  acted  on  (copper :)  further  that 
the  metal  most  acted  on  (the  zinc)  is  generally  positive 
with  respect  to  the  metal  least  or  not  at  all  affected  (the 
copper) ;  and  finally,  that  this  inequality  of  chemical  ac¬ 
tion  on  the  two  perfect  conductors  is  essential  to  the 
operation  of  the  voltaic  circle. 

Thermo-electricity.  The  feeble  currents  of  electricity 
developed  in  bodies,  by  inequality  of  temperature  and 
compression  differ  in  no  respect,  except  in  degree,  from  the 
common  electric  currents  above  described. 

When  a  number  of  simple  voltaic  circles  are  so  arranged 
as  to  act  together  at  the  same  time,  their  joint  intensity 
within  certain  limits  increases  with  the  number  of  circles 
employed.  Such  an  arrangement  is  termed  a  compound 
voltaic  circle,  and  constitutes,  under  various  forms,  the 
common  voltaic  or  galvanic  battery. 

Of  Magnetism. 

The  mechanical  phenomena  and  laws  of  magnetic  forces 
are  very  analogous  to  the  mechanical  phenomena  and 
laws  of  electric  forces.  There  are  evidently  two  antago¬ 
nist  magnetic  forces  or  energies,  which,  while  in  a  state  of 
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equilibrium,  are  not  cognizable  ;  but  when  separated,  each 
of  the  two  energies  repels  and  is  repelled  by  a  similar 
energy,  but  attracts  and  is  attracted  by  an  opposite  or 
antagonist  energy.  Thus  the  two  north  or  two  south 
poles  of  two  magnetic  needles  mutually  repel  each  other ; 
while  the  north  pole  of  one  needle,  and  the  south  pole  of 
another,  mutually  attract  each  other.  Bodies  capable  of 
acquiring  magnetism  are  also  rendered  magnetic  by  in¬ 
duction,  when  placed  near  another  magnet,  exactly  as 
happens  with  respect  to  electricity.  The  chief  difference 
of  magnetism  from  electricity  consists  in  magnetism  being 
apparently  limited  to  a  few  bodies ;  as  iron,  and  two  or 
three  others.  But  late  observations  have  thrown  an  en¬ 
tirely  new  light  on  this  part  of  the  subject ;  and  we  shall 
now  proceed  to  consider  it. 

The  relation  of  electricitv  and  magnetism  to  one 

j  o 

another  is  a  discovery  which  we  owe  to  Professor 
Oersted  of  Copenhagen,  and  is  one  of  the  most  important 
that  has  been  made  in  the  present  age.  The  following 
is  a  summary  of  Oersted’s  discovery. 


Fig.  5. 
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Let  us  suppose,  in  the  annexed  fig.  5, 
e  e  to  represent  the  wire  connecting  the 
zinc  and  the  copper  terminating  plates  of  a 
compound  voltaic  circle,  or  common  gal¬ 
vanic  battery  in  action.  From  what  has 
been  said,  it  may  be  conceived  that  under 
these  circumstances,  there  will  be  two  cur¬ 


rents  moving  through  this  wire  in  opposite  directions ;  a 
current  of  negative  electricity  from  the  copper  to  the  zinc, 
and  a  current  of  positive  electricity  from  the  zinc  to  the 
copper.*  Now  in  this  state  of  things,  it  has  been  satis- 


*  The  reader  will  observe,  that  the  above  observations  apply  to  a 
wire  connecting  the  terminating  plates  of  a  common  galvanic  battenj  ; 
which  plates  are  in  reality  superfluous.  Hence  the  currents  and  polari¬ 
ties  here  given,  are  just  the  reverse  of  those  which  actually  exist  in  a 
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factorily  established  by  experiment,  that  besides  these  two 
currents,  there  are  two  other  currents  having  totally  diffe¬ 
rent  properties,  indeed  all  the  properties  of  the  magnetic 
energies,  moving ,  not  in  the  direction  of  the  wire,  but  in 
circles  or  rather  in  spirals  round  the  wire.  The  energy 
corresponding  with  the  north  pole  of  the  magnetic  needle 
moves  from  right  to  left,  round  the  wire  as  above  posited; 
while  the  energy  corresponding  with  the  south  pole  of  the 
magnet  moves  in  the  opposite  direction,  or  from  left  to 
right.  Hence  when  a  delicate  magnetic  needle,  m  m,  is 
suspended  above  the  wire  e  e ;  its  north  pole  m,  will  be 
attracted  by  the  current  moving  from  left  to  right,  with 
which  it  comes  first  in  contact :  and  its  south  pole,  for 
similar  reasons,  will  be  attracted  by  the  opposite  current. 
A  needle  so  suspended  will  consequently  assume  the 
direction  represented  in  the  figure,  with  its  north  pole 
m  to  the  left :  and  if  the  needle,  in  a  state  of  free  suspen¬ 
sion,  be  carried  round  the  wire,  it  will  be  always  found  to 
keep  the  same  relative  position  with  respect  to  the  wire. 
Thus  when  below  the  wire,  the  needle  will  apparently 
point  in  a  direction  opposite  to  that  shown  in  the  figure ; 
when  on  the  same  level,  on  the  left  hand,  the  needle  will 
point  vertically  downwards;  when  on  the  right ,  upwards. 

Bearing  in  mind  these  relative  positions  of  the  currents 
and  needles ;  in  what  follows  we  may  neglect  the  cur¬ 
rents,  and  judge  from  the  position  of  the  needles  alone. 
Let  us  consider  the  case  of  two  connecting  wires  placed  by 
the  side  of  each  other,  as  in  the  figures  annexed. 

These  wires,  in  consequence  of  the  magnetic  energies 
circulating  round  them,  will  mutually  attract  or  repel  each 
other,  according  to  their  position.  If,  as  in  Fig.  6,  they 

wire  connecting  the  zinc  and  copper  in  a  simple  galvanic  circle,  as  above 
described.  We  have  thought  it  proper  to  notice  this  circumtance,  in 
order  to  prevent  misconception. 
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Fig.  6 


Zinc  1 


Zinc 


K 


-m 


Copper  | 


R 


— 7YI 


Copper 


Fig. 


1  ^nc  I  | 

Te 


Copper  | 


m  m- 


Copper 


_ R 

Zinc 


are  both  in  the  same  relative  position,  they  will  mutually 
attract  each  other ;  as  may  be  inferred  from  the  position 
of  the  needles  M  m,  M  m,  the  north  pole  of  one  of  which 
needles  corresponds  with  the  south  pole  of  the  other: 
but  if  one  of  the  wires  be  reversed,  as  in  Fig.  7,  the 
needles  will  mutually  repel  each  other,  their  two  similar 
poles  being  in  this  case  contiguous.  These  relations  hold 
universally  ;  and  what  is  most  curious,  recent  observations 
have  shown  them  to  be,  under  certain  slight  modifications, 
reciprocal ;  that  is,  if  the  magnetic  energies  be  made  to 
move  in  straight  lines,  the  galvanic  energies  are  found  to 
circulate  round  them,  nearly  according  to  those  laws 
above  explained,  as  regulating  the  currents  of  the  mag¬ 
netic,  round  the  electric,  energies.  Hence,  by  appropriate 
arrangements,  electric  sparks,  and  indeed  all  the  pheno¬ 
mena  of  electricity,  can  be  obtained  from  a  common  mag¬ 
net. 

Such  are  the  singular  phenomena  and  relations  of 
electricity  and  magnetism ;  to  which  we  shall  have  re¬ 
peated  occasion  to  refer  when  speaking  of  the  influence  of 
these  wonderful  agencies  among  the  phenomena  of  nature. 

In  briefly  recapitulating  what  has  been  stated,  we  shall 
endeavour  to  illustrate  the  subject  a  little  further. 

The  reader  will  bear  in  mind  that  the  phenomena  of 
electricity  are  known  to  us  only  as  phenomena  of  motion . 
Thus,  however  highly  an  electrical  battery  may  be 
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charged,  still  it  presents  nothing  remarkable  till  the  com¬ 
munication  between  the  two  surfaces  is  restored ;  at  which 
instant  the  energies  we  term  electric  are  developed  in 
motion,  through  the  connecting  medium.  Now  in  this 
case  of  the  charged  electrical  battery,  the  two  electric 
energies  have  been  previously  separated  and  accumulated 
on  the  opposite  sides  of  the  battery.  They  are  ready 
therefore  to  assume  their  natural  state  of  equilibrium  as 
soon  as  a  channel  of  communication  presents  itself ;  and 
this  restoration  of  the  equilibrium  between  the  two  ener¬ 
gies,  though  complete  and  final,  is  the  work  of  a  moment 
only.  The  operation  of  the  galvanic  battery  is  quite  dif¬ 
ferent.  Here  there  is  little  or  no  accumulation ;  but  the 
electric  energies  pass  through  the  connecting  medium  as 
fast  as  they  are  separated.  The  difference  of  operation  arises 
from  the  difference  of  circumstances.  In  electricity  the 
tension  of  the  accumulated  electric  energies  is  great,  but 
the  time  required  for  the  restoration  of  their  equilibrium 
is  the  least  possible.  In  galvanism,  on  the  contrary,  the 
tension  of  the  electric  energies  from  the  absence  of  accu¬ 
mulation  is  small,  but  the  restoration  of  their  equilibrium 
is  continuous. 

There  is  another  point  of  difference  between  elec¬ 
tricity  and  galvanism  intimately  connected  with  the 
phenomena  of  their  action,  viz.  the  difference  in  the 
quantities  of  the  two  energies.  In  the  largest  electrical 
battery,  the  quantity  of  the  electrical  energies  must  be 
comparatively  small,  since  their  equilibrium  is  com¬ 
pletely  restored  by  a  momentary  communication  through  a 
small  connecting  medium ;  whereas  the  quantity  of  the 
electric  energies  developed  by  the  continuous  action  of 
a  galvanic  battery  must  be  comparatively  very  large. 
Indeed  it  has  been  stated  that  the  quantity  of  the  electric 
energies  developed  during  the  decomposition  of  a  single 
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grain  of  water,  by  a  galvanic  battery,  is  more  than  suffi¬ 
cient  to  form  a  powerful  flash  of  lightning.  In  the  com 
mon  galvanic  apparatus  the  quantity  of  the  electric  ener¬ 
gies  developed  depends  on  the  size  of  the  plates  ;  while 
their  intensity ,  within  certain  limits,  increases  with  the 
number  of  the  plates.  Hence  the  only  effect  produced 
by  extending  the  number  of  plates  in  a  galvanic  battery, 
is  to  render  galvanic  electricity  more  nearly  alike  to  com¬ 
mon  electricitv. 

%/ 

Lastly,  the  motions  of  the  electric  and  magnetic  ener¬ 
gies  are  so  related,  that  while  the  electric  energies,  from 
whatever  source  derived,  move  in  straight  lines,  the  mag¬ 
netic  energies  invariably  circulate  round  the  moving  elec¬ 
tric  energies  in  the  form  of  spirals ;  and  these  relative 
motions  of  the  electric  and  magnetic  forces  are  insepa¬ 
rably  connected. 

It  remains  to  notice  very  briefly  the  different  theories 
which  have  been  advanced  to  explain  the  phenomena  of 
electricity.  The  phenomena  of  galvanic  electricity  were 
ascribed  by  Volta  to  the  simple  contact  or  com¬ 
munication  between  the  different  metals  or  substances 
composing  the  apparatus.  This  opinion,  however,  was 
soon  supplanted  by  the  opinion,  that  the  phenomena  of 
galvanism  are  solely  due  to  the  common  electricity 
developed  during  chemical  action ;  and  this  seems  to  be  the 
opinion  at  present  entertained.  That  the  quantity  of  the 
galvanic  energies  bears  a  constant  relation  to  the  quantity 
of  chemical  action,  seems  to  be  established ;  but  the  admis¬ 
sion  of  this  fact  does  not  prove  that  galvanic  action  and 
chemical  action  are  the  same,  nor  that  the  two  actions  are 
related  to  one  another,  as  cause  and  effect.  On  the  con¬ 
trary,  the  circumstances  connected  with  the  fact,  to  us 

clearly  appear  to  show,  that  galvanic  action  and  chemical 
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action  are  only  different  expressions  for  the  same  effect, 
resulting  from  the  same  pre-existent  cause.  When 
speaking  of  chemical  action  in  a  subsequent  chapter,  we 
shall  have  occasion  to  recur  to  this  point. 

Instruments  for  measuring  the  quantity  of  the  electric 
energies  developed  are  called  Electrometers ,  Galvanometers , 
&c.  Of  these  there  are  several.  One  of  the  most  com¬ 
mon  consists  of  a  magnetic  needle  appropriately  arranged  ; 
which  when  placed  in  the  electric  current  shows  by  its 
angular  deflexion,  the  quantity  of  electricity  in  the  cur¬ 
rent,  without  being  affected  by  its  intensity.* 

*  We  have  retained  the  old  explanations  of  intensity  and  quantity  of 
electricity,  as  they  are  convenient  for  illustrating  the  phenomena ;  but 
it  has  been  lately  shown,  that  in  all  instances,  the  action  of  an  electric 
current  is  equal  to  the  sum  of  the  electro-motive  forces  divided  by  the 
sum  of  the  resistances  ;  and  that  whatever  be  the  nature  of  the  current, 
if  this  quotient  be  equal,  the  effect  is  the  same. 
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CHAPTER  VIII. 


OF  HOMOGENEOUS  ATTRACTION  AND  REPULSION  *.  COM¬ 
PRISING  A  SKETCH  OF  THE  PHENOMENA  DEPENDENT 
ON  THE  COHESIVE  AND  DIVELLENT  FORCES  MUTUALLY 
EXERTED  BETWEEN  MOLECULES  OF  THE  SAME  MATTER. 


The  reader  will  bear  in  mind  that  homogeneous  bodies 
may  be  subdivided  into  molecules,  each  one  of  which  mole¬ 
cules,  though  retaining  all  the  properties  of  the  original 
body,  is  yet  so  minute  as  to  elude  our  senses.  Now 
the  mutual  relations  and  influences  of  the  forces  exerted 
by  such  minute  and  similar  molecules  constitute  the 
phenomena  of  Homogeneity ,  or  the  Cohesion  and  Divul- 
sion  of  similar  matter. 

The  important  subject  of  cohesion  and  divulsion  cannot 
be  better  illustrated,  than  by  a  survey  of  the  obvious  and 
unvarying  effects  of  the  cohesive  and  divellent  forces 
exerted  among  molecules  of  the  same  matter,  on  which 
the  constitution  and  forms  of  aggregation  of  natural  bodies 
depend.  We  shall  therefore  briefly  notice, — First,  a.  the 
constitution  of  bodies  as  they  exist  in  their  solid ,  liquid 
and  fluid  forms  of  aggregation  ;  and — Secondly,  h.  the 
changes  with  regard  to  their  constitution  which  all  homo¬ 
geneous  bodies  are  constantly  undergoing  in  nature. 
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a.  Of  the  constitution  of  natural  bodies  in  their  solid , 
liquid ,  and  fluid  forms  of  aggregation. 

When  treating  of  the  divisibility  of  matter,  and  of 
natural  bodies  in  their  solid,  liquid,  and  fluid  forms,  as 
contemplated  by  the  natural  philosopher,  we  gave  some 
general  details  of  their  internal  constitution.  In  con¬ 
sidering,  however,  these  different  forms  of  matter 
with  reference  to  cohesion  and  chemical  action,  it  will  be 
necessary  to  enter  a  little  further  into  detail  on  other 
points.  We  shall  therefore  take  a  brief  view  of  the 
leading  facts  connected  with  the  constitution  of  bodies  in 
their  different  forms  of  aggregation. 

Of  the  solid  form  of  matter.  Natural  bodies  exhi¬ 
bit  a  variety  of  properties  usually  termed  secondary , 
many  of  which  properties  are  of  the  utmost  value  to 
mankind.  Such  are  opacity  and  transparency ,  hardness 
and  softness ,  elasticity ,  toughness ,  malleability ,  tenacity , 
ductility ,  density ,  &c.,  all  too  well  understood  to  require 
definition  here.  These  properties  evidently  depend  in  a 
great  degree  on  original  differences  in  the  properties  of  the 
minute  molecules  of  which  we  have  shown  all  bodies  to 
consist ;  but  there  is  no  doubt  that  many  of  these  pro¬ 
perties  are  intimately  connected  also  with  the  modes  in 
which  these  molecules  are  arranged  or  aggregated.  Of 
these  modes  we  can  form  no  precise  idea  in  a  great  many 
instances  ;  there  is,  however,  one  form  of  solid  aggregation, 
the  regular  crystalline  form ,  which  has  occupied  much 
more  attention  than  the  rest,  and  this  form  we  shall 
endeavour  to  illustrate. 

As  an  object  of  illustration  we  shall  select,  as  before, 
the  familiar  one  of  water ;  which  from  its  well  known 
properties  of  existing  either  as  a  solid,  a  liquid,  a  vapour, 
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or  a  gas,  by  a  slight  variation  of  circumstances,  is  well 
adapted  for  our  purpose,  because  we  are  thus  enabled  to 
employ  the  same  object  of  illustration  throughout.  In 
conformity  with  this  view  we  have  at  present  to  consider 
water  in  its  solid  form  of  ice. 

Every  one  must  have  observed  that  water,  in  the  act 
of  freezing,  assumes  various  symmetrical  figures,  shooting 
into  spicuke,  &c.,  as  may  be  beautifully  seen  on  our  win¬ 
dows  on  a  frosty  morning.  Now  these  icy  spiculse  afford 
a  familiar  instance  of  what  is  termed  crystallization  ;  a 
property  apparently  possessed  by  all  ponderable  matter, 
and  readily  exhibited  by  such  matter,  when  under  favour¬ 
able  circumstances :  and  it  has  been  remarked,  that  the 
figure  assumed  by  the  same  matter  is  usually  similar,  or 
easily  deducible  from  some  common  figure,  according  to 
well-ascertained  and  obvious  laws.  Let  us  now  briefly 
inquire  into  the  properties  which  the  molecules  of  mat¬ 
ter  must  be  supposed  to  possess,  to  enable  them  to  pro¬ 
duce  these  symmetrical  aggregations. 

In  the  first  place,  it  is  evident,  that  the  simple  supposi¬ 
tion  of  a  mutually  attractive  force  between  these  molecules, 
analogous  to,  or  identical  with,  the  attractive  force  of  gravi¬ 
tation,  is  inadequate  to  explain  the  phenomena.  Possessed 
of  such  an  attractive  force  alone,  the  component  molecules 
of  bodies  might  indeed  be  imagined  to  adhere  together, 
and  their  aggregations  might  even  exhibit  something  like 
regularity;  but  this  regularity  would  in  a  great  measure  be 
accidental,  and  probably  never  twice  alike :  hence  the  ut¬ 
most  latitude  of  assumption  would  never  enable  us  to  ex¬ 
plain  upon  such  principles  alone,  that  sameness  of  figure 
above  noticed,  which  is  always  assumed  by  the  same 
matter.  It  is  obvious,  therefore,  that  the  component 
molecules  of  bodies  are  influenced  by  other  powers,  than 
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that  of  the  simple  attractive  force  of  gravitation  :  what 
is  the  nature  of  these  powers  ?  On  this  point  there  have 
been  various  opinions.  Some  have  supposed  the  component 
molecules  of  bodies  to  possess  figures  identical  with  the 
figures  of  the  aggregates  they  form :  that  a  crystal,  for 
example,  whose  figure  is  a  cube,  is  formed  by  the  aggre¬ 
gation  of  a  number  of  infinitely  little  cubes,  &c.  But 
to  others  this  supposition  has  appeared  so  improbable, 
and  so  unlike  the  usual  simplicity  of  nature’s  operations, 
that  they  have  rejected  it,  and  have  had  recourse  to 
the  more  feasible  hypothesis, — that  the  component  mole¬ 
cules  of  bodies  are  either  spheres  or  spheroidal ;  that  is 
to  say,  virtually  globular.* 

Let  us  take  for  granted  then,  that  the  component 
molecules  of  bodies  are  spheres :  with  what  powers  is  it 
necessary  to  suppose  these  little  spheres  to  be  endowed 
in  order  to  enable  them  to  cohere,  and  to  form  the 
symmetrical  figures  we  observe  among  natural  bodies  ? 
The  existence  of  simple,  attractive  powers  among 
such  a  set  of  molecules,  has  been  already  shown  to  be 
inadequate  to  explain  the  phenomena  ;  there  must 
be  some  specific  powers,  determining  similar  molecules 
to  combine  in  similar  ways,  otherwise  we  cannot 

*  Strictly  speaking,  perhaps  this  observation  is  applicable  to  the  figures 
supposed  to  be  assumed  by  the  influences  surrounding  the  molecules, 
and  by  which  all  their  operations  are  directed  ;  rather  than  to  the  absolute 
figures  of  the  molecules  themselves  ;  which,  though  on  account  of  their 
rotatory  motion  virtually  exerting  spheroidal  influences,  must,  in  many 
instances,  have  very  different  figures.  Those  who  wish  to  study  the  prin¬ 
ciples  on  which  spheroidal  molecules  may  be  supposed  to  aggregate  into 
crystalline  forms,  are  referred  to  Dr.  \\  ollaston’s  interesting  paper  on 
the  subject  in  the  Philos.  Trans.  1813,  p.  51.  It  may  be  noticed, 
however,  that  the  principles  we  shall  advance  differ  materially,  in  other 
respects,  from  those  maintained  in  the  paper  referred  to  ;  and  that  the 
term  spheroidal  is  employed  in  a  popular  sense,  and  is  supposed  to  include 
every  variety  of  every  rounded  form,  whether  elipsoid,  ovoid,  or  other. 
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Fig,  8. 


imagine  the  same  resulting  figures  to  be  produced. 

In  the  three  small  spheres, # 
Fig.  8,  let  us  suppose  that  at  the 
points  e,  e,  e,  and  e,  e,  e,  on 
their  superficies,  the  spheres  are 
endowed  with  the  following  pro¬ 
perties  ;  viz.  that  the  similar  points,  e ,  and  e ,  upon 
any  two  of  the  spheres,  have  the  property  of  mutually 
repelling  each  other ;  while  the  dissimilar  points,  e,  and 
jt\„  9  e>  upon  any  two  of  the  spheres,  have  the  property 
of  mutual  attraction.  In  such  a  case,  the  three 
molecules  will  readily  combine  e,  to  e,  as  in  Fig.  9, 
but  in  no  other  way.  Now  let  us  suppose  the 
same  three  spheres  to  be  endowed  with  properties 
at  the  points  m,  m,  m,  and  m,  m,  m,  as  in  Fig.  10, 
nearly  resembling  the  properties  with  which  they 

are  endowed  at  the 
points  e,  e,  e ,  and  e ,  e,  e. 
Spheres  so  endowed  will 
aggregate  readily,  as  in 
Fig.  11,  e,  toe,  and m,  to 
m ,  but  in  no  other  way ;  and  thus  in- 


m 


Fig.  II. 

XJ 


~E 


points  e,  e ,  e,  and  e,  e,  e, 
m,  m,  m,  and  m,  m,  m,  but 
also  of  the  attractive 
points  m\  m\  and  m\ 


*  Or  rather  sections  of  spheres,  and  the  same  is  to  be  understood  of 
all  the  subsequent  figures. 

f  Here  it  is  to  be  observed  that  the  similar  poles  E,  E,  and  e,  e,  ot 
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m\  ?n',  (the  point  ? n'  being  supposed  to  be  opposite  to 
the  point  m\  and  out  of  sight.)  Molecules  so  endowed 
will  readily  combine  as  in  Fig.  13,  and  form  a  cube,  or 
Fig.  i3.  some  figure  obviously  deducible 

s  j:  js  from  a  cube,  but  in  no  other 

manner :  and  in  this  way,  by  as¬ 
suming  certain  attractive  and 
repulsive  points  on  our  spheres 
or  spheroids  at  appropriate  parts 
of  their  superficies,  it  is  not  diffi¬ 
cult  to  conceive  them  capable  in 
different  instances  of  forming  aggregates  of  any  shape 
whatever. 

The  force  determining  the  molecules  of  homogeneous 
bodies  to  cohere  together  is  called  cohesive  force;  and 
from  the  circumstances  before  mentioned,  it  is  clear  that 
this  cohesive  force  must  possess  the  characters  of  polarity. 
That  is,  the  cohesive  force  must  reside  in,  or  be  exerted 
on,  certain  points  only  of  the  superficies  of  molecules ;  the 
localities  of  which  points  we  may  reasonably  suppose  to 
be  determined  by  the  mutual  relation  of  the  molecules 
to  each  other.  Thus  the  cohesive  force  will  be  symme¬ 
trically  located  in  molecules  of  similar  bodies,  and  un- 
symmetrically  located  in  molecules  of  dissimilar  bodies ; 
and  the  identity  or  symmetrical  position  of  the  potential 
points  in  molecules  of  the  same  body  causes  such  similar 
molecules  to  cohere  together.  But,  as  explained  in  a 


each  pair  of  molecules  being  supposed  to  be  repellent  within  certain 
limits,  as  elsewhere  will  be  explained,  their  absolute  contact  is  pre¬ 
vented  ;  and  the  two  molecules  are  balanced,  as  it  were,  between  the  two 
opposing  and  the  two  attracting  forces.  The  consideration  of  lorces 
operating  in  these,  and  in  the  other  modes,  elsewhere  mentioned, 
present  some  highly  interesting  and  novel  objects  of  research  for  the 
mathematician.  See  Appendix. 
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former  chapter,  the  essence  of  polarity  consists  in  the 
co-existence  of  two  opposite  or  antagonist  forces.  If, 
therefore,  we  assume  the  existence  of  a  cohesive  force 
among  the  molecules  of  similar  bodies,  we  must  likewise 
assume,  as  we  have  done  in  the  preceding  illustration,  the 
existence  of  a  repulsive  or  divellent  force  among  such 
similar  molecules  ;  and  we  shall  find  accordingly,  that 
the  assumption  of  the  existence  of  such  a  divellent  force, 
among  homogeneous  molecules,  will  be  necessary  to 
enable  us  to  explain  the  constitution  of  the  liquid  and 
fluid  forms  of  bodies. 

All  matter  being  composed  of  innumerable  molecules 
assumed  to  be  more  or  less  of  a  spheroidal  form,  bodies 
however  solid,  must,  as  formerly  observed,  b q  porous  ;  for 
since  spheroidal  particles  can  only  touch  one  another  at 
certain  points  ;  when  aggregated,  such  spheroidal  particles 
must  necessarily  leave  interstices  among  themselves.  In 
some  natural  solids  these  interstices  are  visible  to  the  eye, 
particularly  by  the  aid  of  magnifying  glasses.  In  most 
substances,  however,  they  are  too  minute  to  be  visible ; 
though  their  existence  may  be  inferred  from  the  diminu¬ 
tion  in  magnitude  of  these  solids  when  subjected  to  strong 
pressure — a  fact  which  can  be  rationally  explained  only 
on  the  supposition  that  a  portion  of  the  space  they  previ¬ 
ously  occupied  was  interstitial. 

By  far  the  greater  proportion  of  material  objects  as 
they  exist  are  found  in  the  solid  form ;  and  to  their  nume¬ 
rous  and  important  secondary  properties,  particularly  to 
their  enduring  character  and  stability,  we  owe  much  of 
our  comfort  and  convenience,  if  not  our  very  being.  Even 
the  solid  form  of  water  is  not  without  its  use  in  the 
economy  of  nature,  as  will  be  shown  hereafter;  whereas 
if  the  air  were  ever  to  assume  the  solid  form,  the  whole 
of  the  animal  creation  must  instantly  perish.  Thus  the 
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most  cursory  and  general  view  we  can  take  of  the  great 
arrangements  of  nature,  point  at  once,  and  unerringly,  to 
the  wisdom  and  power  of  the  Creator. 

Of  the  liquid  form  of  bodies.— We  have  in  the  next 
place  to  treat  of  the  constitution  of  bodies  in  the  liquid 
state.  Our  notion  of  liquids  in  general  is,  that  the 
molecules  of  which  they  are  composed  still  remain  in  con¬ 
tact,  but  that  their  attractive  and  divellent  forces  are  so 
neutralized  by  each  other,  that  the  molecules  are  loosened 
from  the  fixed  condition  in  which  they  existed  in  the 
solid  form,  and  are  thus  enabled  to  move  freely  among 
each  other  in  every  direction.  This  notion  of  the 
constitution  of  liquids  suggests  the  inference,  that  in 
passing  from  the  solid  to  the  liquid  form,  bodies  in 
general  must  occupy  a  somewhat  larger  space  ;  and  such 
inference  in  the  greater  number  of  cases  is  correct. 
There  are,  however,  some  exceptions  to  the  rule,  and 
water  is  one  of  the  most  remarkable  and  interesting 
of  these  exceptions.  In  passing  from  the  solid  to  the 
liquid  form,  this  indispensible  constituent  of  our  globe 
contracts  considerably  in  bulk.  Hence  ice  is  lighter  than 
the  water  from  which  it  is  formed,  and  consequently 
swims  on  its  surface — a  fact  to  which  we  shall  have  occa¬ 
sion  to  advert  hereafter,  as  one  of  the  utmost  importance 
in  the  economy  of  nature. 

That  porosity  is  a  property  of  liquids,  even  more  than  of 
solids,  is  the  unavoidable  result  of  a  molecular  condition  of 
matter.  Accordingly  we  find  that  all  liquids  are  not  only 
compressible,  but  are  capable  of  retaining  in  solution  a 
variety  of  matters  without  any  increase  of  bulk.  Thus  a 
certain  proportion  of  salt,  and  afterwards  of  sugar,  and 
perhaps  of  other  substances,  may  be  successively  dissolved 
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in  a  given  quantity  of  water,  without  apparently  augment¬ 
ing  its  volume. 

In  the  present  condition  of  our  globe  the  number  of 
liquids  bears  a  small  proportion  to  the  number  of  solids. 
Indeed,  if  we  except  water,  and  the  numerous  compounds 
of  which  water  forms  the  principal  ingredient  as  wrell  as 
the  cause  of  liquidity,  there  are  very  few  others.  The 
chief  are  certain  bodies  of  organic  origin,  as  oils  and  vari¬ 
ous  allied  substances.  There  is  only  one  liquid  metallic 
body,  the  well-known  quicksilver ;  and  even  most  of  the 
compounds  of  quicksilver  are  solids.  This  comparative 
absence  of  liquid  matter  is  doubtless  of  great  importance 
to  organized  beings.  If  mineral  bodies,  for  instance, 
existed  in  a  fluid  state,  and  were  miscible  with  water,  they 
would  so  contaminate  this  important  liquid,  as  probably 
to  render  it  incompatible  with  organic  life.  As  it  is, 
the  small  admixture  of  mineral  bodies  with  water,  serves 
many  useful  purposes,  to  which  we  shall  have  occasion  to 
refer :  and  except  under  certain  circumstances  such 
admixtures  can  hardly  be  said  to  interfere  with  the 
operations  of  organized  beings. 

Of  the  fluid  or  gaseous  form  of  bodies. — Bodies  in  the 
gaseous  or  fluid  form  may  be  classed  under  two  great 
divisions,  viz.  gases ,  or  airs,  strictly  so  called,  of  which 
atmospheric  air  may  be  considered  as  the  most  remark¬ 
able  ;  and  vapours ,  of  which  steam,  or  the  vapour  of 
water,  is  an  instance.  Most  gases  maintain  their  fluidity 
at  general  temperatures  of  the  globe.  Vapours  are  usually 
the  products  of  higher  temperatures,  and  under  ordinary 
circumstances  are  capable  of  only  a  partial  existence. 
Some  gaseous  bodies  approximate  to  vapours  so  nearly 
in  their  properties,  as  to  be  convertible  by  pressure 
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into  liquids;  as  for  example,  the  gaseous  product  of 
the  combustion  of  charcoal,  carbonic  acid  gas.  Other 
gaseous  bodies,  as  atmospheric  air,  maintain  their  fluidity 
under  every  degree  of  pressure  we  can  apply  to  them. 

In  fluids  the  divellent  molecular  force  surpasses  the 
attractive.  Bodies  therefore  in  passing  from  the  liquid 
to  the  fluid  state  undergo  a  remarkable  increase  of  volume. 
Water,  for  instance,  on  being  converted  into  steam,  occupies 
no  less  than  1700  times  its  original  bulk.  Hence  the  poro¬ 
sity  or  interstitial  void  among  the  particles  of  bodies  in 
the  gaseous  form  must  be  enormous. 

If  we  except  atmospheric  air,  and  the  minute  proportions 
of  carbonic  acid  gas,  and  of  the  vapour  of  water  usually 
existing  in  atmospheric  air,  there  are  very  few  other 
bodies  permanently  in  the  fluid  state  under  the  usual 
circumstances  of  our  globe.  That  this  arrangement  has 
reference  to  the  well-being  of  its  denizens,  we  cannot 
doubt ;  for  did  other  gaseous  bodies  exist  in  considerable 
quantity,  they  must  necessarily  contaminate  the  atmosphere 
and  render  it  incompatible  with  animal  existence.  Even 
those  minute  proportions  of  foreign  bodies  occasionally 
diffused  through  the  lower  regions  of  the  atmosphere  in 
certain  localities  and  seasons,  too  often  prove,  as  we  know 
by  sad  experience,  the  most  fearful  scourges  of  our  race. 

We  have  thus  taken  a  general  survey  of  the  forms  as¬ 
sumed  by  the  ponderable  materials  of  our  globe,  and,  at  the 
same  time,  briefly  alluded  to  the  wonderful  adaptation 
to  organic  existence  displayed  by  such  different  forms  of 
matter.  These  wonderful  adaptations  will  be  con¬ 
sidered  more  in  detail  afterwards,  and  have  been  only 
noticed  at  present  with  the  view  of  constantly  reminding 
the  reader  of  the  great  object  of  this  volume,  viz.,  the 
contemplation  of  the  omnipotence,  wisdom  and  goodness 
of  the  Creator. 


94 


CHEMISTRY. 


b.  Of  the  incessant  change  in  the  form  and  constitu¬ 
tion  of  homogeneous  bodies . 

Among  natural  objects  there  are  a  few  both  solid  and 
fluid,  the  forms  of  which  cannot,  by  any  means  within 
our  power,  be  made  to  undergo  change.  Such  are 
the  diamond  among  solid  bodies,  and  the  air  of  the 
atmosphere  among  fluids.  The  forms,  however,  of 
most  homogeneous  bodies  in  nature  are  either  constantly 
suffering  change,  or  may,  by  artificial  means,  be  made  to 
undergo  such  change.  Water,  for  example,  under  the  ordi¬ 
nary  circumstances  of  our  globe,  is  incessantly  passing 
from  its  solid  to  its  fluid  form,  and  vice  versa ;  nor  in  this 
instance  of  water,  do  we  hesitate  for  a  moment  about  the 
cause  of  these  changes  of  form,  viz.  change  of  temperature  : 
change  of  temperature,  therefore,  is  the  chief  cause  of  the 
change  of  form  of  bodies :  and  such  is  the  influence 
of  the  change  of  temperature,  when  extreme,  that  there 
are  few  homogeneous  bodies  capable  of  altogether  with¬ 
standing  it.  Another  cause  of  change  in  the  form  of 
bodies  pressure.  Thus  many  gaseous  bodies,  when  sub¬ 
mitted  to  strong  pressure,  become  liquids ;  and  vice  versa , 
many  fluids  from  which  pressure  is  removed  become  gases. 
Still  as  compared  with  heat,  the  effect  of  pressure,  and 
of  other  natural  agencies  in  modifying  the  forms  of  bodies, 
is  very  slight ;  we  shall  chiefly,  therefore,  confine  our 
observations  to  heat. 

When  treating  of  heat,  we  stated  that  this  powerful 
agent  existed  in  two  states  of  modification,  namely,  as  sen¬ 
sible  heat ,  or  temperature ,  as  it  is  called,  in  which  form  it  is 
measurable  by  the  instrument  termed  the  thermometer  ; 
and  as  Insensible ,  or  Latent  Heat.  We  there  detailed  the 
most  striking  phenomena  presented  by  sensible  heat  or 
temperature  :  the  consideration  of  the  phenomena  of  latent 
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or  insensible  heat  we  reserved  to  be  taken  alona’  with 
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changes  in  the  form  of  bodies  ;  during  which  changes  of 
form  the  phenomena  of  latent  or  insensible  heat,  are 
more  especially  displayed. 

Adhering  to  the  familiar  instance  of  water,  let  us  con¬ 
sider  what  takes  place  during  its  passage  from  the  solid 
form  of  ice  to  the  gaseous  form  of  steam,  and  vice  versa. 
If  we  take  a  mass  of  ice  cooled  to  several  degrees  below  the 
freezing  point,  and  expose  it  to  a  regular  flow  of  heat  from 
some  external  source,  the  following  change  of  circumstances 
will  be  observed.  In  consequence  of  the  accession  of  heat, 
the  temperature  of  the  ice  will  be  gradually  augmented,  till 
the  temperature  be  raised  again  to  the  point  of  freezing.  At 
this  point  the  ice  will  begin  to  be  thawed,  so  as  to  become 
water ;  but  notwithstanding  heat  continues  to  flow  into 
the  melting  ice,  the  temperature  of  the  ice,  and  of  the 
water  to  which  the  ice  is  reduced  by  the  thaw,  will  remain 
stationary  at  the  point  of  freezing  till  the  whole  of  the 
ice  be  melted ;  to  accomplish  which  complete  melting  a 
quantity  of  heat  equal  to  140  degrees  of  Fahrenheit’s 
thermometer  will  be  found  necessary.  When  the  whole 
of  the  ice  has  been  melted  ;  if  the  heat  still  continue  to 
flow  as  before,  the  water  will  acquire  apparent  tempera¬ 
ture  in  the  same  manner  in  which  apparent  temperature 
had  been  acquired  by  the  ice ;  and  as  the  heat  continues 
to  flow,  the  water  will  continue  to  increase  in  temperature 
and  in  volume  till  it  arrives  at  the  boiling  point. 
At  that  moment  the  temperature  ceases  to  be  augmented, 
however  much  we  may  urge  the  application  of  heat ;  and 
the  water  is  converted  into  a  transparent  gas  well  known 
by  the  name  of  steam.  For  the  conversion  of  water  into 
steam,  however,  under  the  ordinary  circumstances  of 
atmospheric  pressure,  it  has  been  found  that  about  1,000 
degrees  of  heat  are  necessary ;  which  large  quantity  of 
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heat  actually  becomes  latent  or  disappears ;  since  the 
temperature  of  the  steam  produced  never  exceeds  212°,  the 
temperature  of  water  at  the  boiling  point.  From  these 
observations  it  appears  that  the  same  body,  water,  under 
the  different  forms  of  ice,  water,  and  steam,  must  contain 
very  different  quantities  of  heat  in  a  latent  or  insensible 
state ;  which  heat,  by  changing  the  order  of  making  the 
experiment,  i.  e.  by  re-converting  steam  into  water,  and 
water  into  ice,  may  be  again  rendered  sensible. 

But  the  fact  as  regards  different  bodies  is  still  more 
striking,  than  as  regards  the  same  body  under  different 
forms.  Thus,  if  we  mix  together  the  same  weight  of  two 
bodies  at  known  temperatures,  and  observe  the  tempe¬ 
rature  resulting  from  the  mixture,  we  shall  in  no  case  find 
that  this  resulting  temperature  is  the  arithmetical  mean 
between  the  two  original  temperatures  of  the  bodies 
mixed,  as  it  ought  to  be,  if  the  two  bodies  possessed  the 
same  capacities  for  heat ;  but  a  temperature  differing  in 
most  instances  very  considerably  from  such  arithmetical 
mean  temperature.  For  instance,  if  we  mix  a  pound  of 
mercury  at  160°,  with  a  pound  of  water  at  40°;  a  thermo¬ 
meter,  placed  in  the  mixture,  will  stand  at  45°  instead  of 
100°,  the  arithmetical  mean  temperature :  but  if  the 
order  of  the  experiment  be  inverted,  and  the  temperature 
of  the  mercury  be  made  40°,  and  that  of  the  water  160°; 
the  mixture  will  have  a  temperature  further  above 
the  arithmetical  mean,  than  in  the  former  instance  it  was 
below  it ;  thus,  the  resulting  temperature  of  such  a 
mixture  will  be  155°.  Hence  the  same  quantity  of  heat 
that  in  the  first  experiment  gives  5°  to  water,  in  the 
second  experiment  imparts  115°  to  mercury;  which  two 
numbers  are  in  the  ratio  of  one  to  twenty-three.  That  is, 
in  order  to  increase  the  temperature  of  equal  weights 
of  water  and  of  mercury  to  the  same  extent,  we  must  add 
twenty-three  times  as  much  heat  to  the  water  as  to  the 
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mercury.  Similar  differences  exist  in  various  degrees 
among  other  bodies ;  and  in  chemical  works  to  which 
we  refer  the  reader,  tables  may  be  found  of  the  specific 
heats ,  as  they  are  termed,  of  a  great  number  of  substances, 
which  have  been  determined  with  more  or  less  accuracy 
by.  chemists. 

From  these  observations  it  appears,  as  we  have  said, 
that  not  only  the  specific  heat  of  the  same  body  varies 
with  its  form  of  aggregation ;  but  that  every  body  has 
a  specific  heat  peculiar  to  itself.  Hence  all  the  innume¬ 
rable  changes  in  the  forms  of  aggregation  of  bodies  con¬ 
stantly  going  on  around  us,  are  accompanied  by  changes 
in  their  specific  heats  ;  which  changes  in  their  turn  become 
the  secondary  causes  of  a  great  many  important  natural 
phenomena. 

In  treating  of  the  crystallized  form  of  homogeneous 
bodies,  we  showed  that  the  molecules  of  which  crystals 
consist  exert  a  species  of  polarity,  capable  of  determining 
their  cohesion  in  a  certain  definite  and  uniform  order. 
We  also  observed,  that  the  existence  of  such  a  cohesive 
force  among  the  molecules  of  homogeneous  bodies,  must 
be  accompanied  by  the  existence  of  an  opposite  or  divel- 
lent  force:  this  divellent  force  now  claims  our  attention. 

The  phenomena  presented  by  water  and  many  other 
bodies  when  subjected  to  high  temperatures,  sufficiently 
demonstrate  that  their  molecules  are  capable  of  exerting 
divellent  force.  We  shall  attempt  to  show,  however,  that 
such  divellent  force  is  actually  exerted  by  homogeneous 
molecules,  when  subjected  to  ordinary  influences  only. 

We  have  stated,  that  several  gaseous  bodies,  as  the 
oxygen  and  azote  composing  atmospheric  air,  cannot  by 
anv  known  means  be  reduced  to  the  liquid  or  solid  form. 
In  these  gases  the  molecular  divellent  force,  for  reasons 
we  cannot  discover,  far  surpasses  the  corresponding  cohe- 
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sive  force  ;  and  the  permanently  fluid  character  thus  im¬ 
parted  to  such  bodies,  is  favourable  for  illustrating-  the 
peculiarity  of  homogeneous  forms  of  matter  now  alluded 
to, — that  their  molecules  exert  divellent  or  self-repulsive 
forces  corresponding  with  their  cohesive  or  self-attractive 
forces  formerly  explained. 

Tt  is  a  law  among  gaseous  bodies,  that  whatever  be 
their  relative  weights  or  specific  gravities,  they  will,  when 
brought  together,  become,  in  a  very  short  space  of  time, 
equally  diffused  through  each  other.  Thus  if  we  intro¬ 
duce  a  heavy  gas  ( e .  g.  carbonic  acid  gas)  at  the  bottom 
of  a  tall  vessel,  and  a  light  gas  ( e .  g.  hydrogen  gas)  at  the 
top  of  the  same  vessel,  the  heavy  gas  will  immediately  begin 
to  ascend  to  the  top,  and  the  light  gas  to  descend  to  the 
bottom  of  the  vessel,  till  the  two  gases  are  uniformly 
mixed  throughout.  So,  the  two  gases  oxygen  and  azote 
of  which  atmospheric  air  consists,  though  in  no  way  asso¬ 
ciated,  and  differing  remarkably  from  each  other  in  their 
properties  and  even  in  their  weights,  are  so  equally  mixed 
and  diffused  through  each  other  over  the  whole  globe, 
that  the  most  careful  analyses  do  not  show  any  satisfac¬ 
tory  difference  in  their  relative  proportions.  The  import¬ 
ance  of  the  above  law  in  the  economy  of  nature  is  suffici¬ 
ently  evident  from  this  effect  on  the  air  we  breathe ;  and  we 
shall  have  occasion  to  notice  it  again.  At  present  these 
remarkable  properties  of  gaseous  bodies  have  been  men¬ 
tioned  from  their  bearing  on  the  subject  now  under 
consideration,  viz.  the  divellent,  or  self-repulsive  force 
exerted  by  the  homogeneous  molecules  of  bodies. 

The  rate  of  escape  or  velocity  with  which  a  fluid  passes 
through  an  aperture  into  a  vacuum  depends  on  mechanical 
principles,  and  is  well  understood.  Now  it  has  been 
shown  that  the  rate  or  velocity  with  which  a  heavy  and 
a  light  gas  commingle  through  a  communicating  aperture, 
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is  identical  with  the  rate  of  escape  or  velocity  with  which 
gases  and  all  fluids  escape  through  an  aperture  into  a 
vacuum.  This  fact,  therefore,  besides  many  other  results, 
completely  establishes  the  further  corollary,  viz.  that  dif¬ 
ferent  gases  bear  to  each  other  the  relation  of  vacua ,  and 
consequently  are  diffused  through  each  other,  not  in  vir¬ 
tue  of  any  common  properties,  but  in  virtue  of  a  self- 
repulsive  force,  or  resiliency  peculiar  to  each, — -a  force 
analogous  (but  opposite  in  character)  to  the  self- attractive 
force  which  produces  the  cohesion  of  homogeneous  mole¬ 
cules. 

Before  we  proceed,  it  may  be  necessary  to  enlarge  still 
further  on  the  properties  of  gaseous  fluids. 

It  has  been  found  by  experiment  that, — within  certain 
limits ,  the  volume  or  hulk  of  all  perfectly  gaseous  bodies 
is ,  similibus  paribus,  equally  increased  hy  equal  increments 
of  heat ,  and  equally  diminished  hy  equal  increments  of 
pressure ;  very  striking  facts  which  apparently  lead  to 
the  additional  conclusion  that  —  all  perfectly  gaseous 
bodies  under  the  same  pressure  and  temperature  contain 
the  same  number  of  self -repulsive  molecules.  The  train  of 
argument  on  which  this  conclusion  is  founded  may  be  thus 
briefly  stated. 

If  different  gaseous  bodies  contained  unequal  num¬ 
bers  of  self-repulsive  molecules,  the  molecules  of  those 
gases  which  contain  the  least  number,  must  exert  the 
greatest  self-repulsive  power :  in  other  words,  the  expan¬ 
sive  energies  of  the  molecules  of  a  gas  must  increase  as 
their  number  diminishes ;  and  not  only  so,  but  the  expan¬ 
sive  energy  must  increase,  neither  more  nor  less,  but 
exactly  as  the  number  of  molecules  diminishes.  Such  a 
conclusion  would  be  obviously  false ;  for  if  we  imagine 
an  extreme  case,  and  suppose  the  number  of  self-repulsive 
molecules  in  a  mven  volume  of  gas  to  be  reduced  to  a 
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few,  or  to  one  for  instance,  this  single  molecule  must 
be  supposed  to  exert  a  self-repulsive  power,  equal  to 
the  self-repulsive  power  exerted  by  myriads  of  molecules 
under  ordinary  circumstances. 

Another  singular  property  of  gaseous  fluids,  inferred 
from  experiment,  is  that — all  perfectly  gaseous  bodies , 
under  similar  circumstances ,  and  within  certain  limits ,  have 
the  same  capacity  for  heat .  This  general  fact,  or  law, 
though  exceedingly  probable,  requires  further  corrobora¬ 
tion,  and  has  not  been  so  satisfactorily  established  as  the 
preceding.* 

The  reader  will  have  remarked  that  the  divellent  ener¬ 
gies  exerted  by  gaseous  bodies,  are  limited  to  their  per¬ 
fectly  fluid  form — a  limitation  which  may  require  to  be 
further  explained. 

From  the  peculiar  molecular  constitution  of  gaseous 
bodies,  it  must  necessarily  follow;  that  when  the  molecules 
of  which  they  consist  are  much  approximated  by  unusual 
pressure,  or  great  cold ;  or  are  much  separated,  by  the 
removal  of  jjressure,  or  by  great  heat ;  their  peculiar  mo¬ 
tions  (on  which  we  have  supposed  their  self-repulsive  proper¬ 
ties  to  depend)  must  in  some  way  be  impeded.  Accord- 

*  It  is  proper  to  observe,  that  these  views  were  adopted  by  the  au¬ 
thor,  long  before  he  was  aware  of  the  existence  of  the  essays  on  the 
subject,  by  Messrs.  Avogadro,  Ampere,  and  Dumas.  Indeed  he  was 
unacquainted  with  those  of  Dumas,  which  most  nearly  resemble  his  own, 
till  he  saw  them  alluded  to  in  Mr.  Johnston’s  recent  report  on  chemis¬ 
try,  in  the  Transactions  of  the  British  Association.  Mr.  Donovan 
seems  to  consider  the  above  hypothesis  as  untenable  ;  but  we  think  his 
arguments  entirely  inconclusive.  See  Giornale  di  Fisica,  sec.  n.  tom. 
viii.  p.  1  ;  Annales  de  Chimie,  tom.  xc.  p.  43  ;  a  Treatise  on 
Chemistry,  by  Mr.  Donovan,  in  the  Cabinet  Cyclopaedia,  p.  3/9  ;  and 
the  Introduction  to  Dumas’s  Traite  de  Chimie  appliquee  aux  Arts ; 
which  excellent  work  the  author  had  been  prevented  from  perusing  by 
the  nature  of  the  title. 
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ingly  we  find  that  under  both  these  extreme  cases,  different 
gases  are  liable  to  lose  more  or  less  of  their  perfectly 
gaseous  form  and  properties.  Thus  the  gaseous  compound 
of  carbon  and  oxygen,  termed  carbonic  acid  gas,  under 
ordinary  pressure  and  temperature,  possesses  all  the  pro¬ 
perties  of  a  perfectly  gaseous  fluid ;  yet  when  subjected 
to  considerable  pressure  or  cold,  it  ceases  to  be  a  gas,  and 
finally  assumes  the  form  of  a  liquid.  The  same  is  true  of 
other  gases  :  and,  indeed,  common  air  only,  and  one  or  two 
other  gases,  fulfil  all  the  conditions  of  perfectly  gaseous 
bodies,  even  within  the  limited  powers  of  compression  and 
cold  we  can  command. 

The  divellent  energies  are  still  more  conspicuous  in 
those  bodies  which  assume  the  perfectly  gaseous  form  at 
high  temperatures.  Thus,  water  under  the  ordinary 
pressure  of  the  atmosphere,  becomes  thoroughly  a  gas  only 
when  heated  to  212°.  This  perfectly  gaseous  form 
of  water  is  called  steam ,  and  is  retained  by  water  within 
certain  limits,  above  its  boiling  point.  But  below  the 
temperature  of  212°  the  case  is  very  different:  the 
elastic  force  of  vapour  (as  steam  is  more  properly  termed 
below  the  temperature  of  212°)  rapidly  diminishes,  so  that 
at  32°,  the  freezing  point  of  water,  this  elastic  force  is 
scarcely  equal  to  l-5th  of  an  inch  of  mercury ;  and  the 
same  given  volume  of  aqueous  vapour  at  32°,  will  weigh 
only  about  1-1 50th  of  what  steam  ought  to  weigh,  suppos¬ 
ing  that  water  could  exist  as  a  perfectly  gaseous  body  at 
32°,  and  under  a  pressure  of  thirty  inches  of  mercury. 
Hence  the  molecules  of  aqueous  vapour  at  32°,  must  be 
five  or  six  times  further  apart  than  in  the  perfectly 
gaseous  form  of  steam  ;*  and  so  feeble  is  their  self- 

*  Supposing  it  were  possible  for  steam  to  exist  at  32°,  of  course  at 
this  temperature,  its  weight  would  bear  to  the  weight  of  air,  the  same 
proportion  it  bears  at  212°;  the  proportion,  namely,  ol  5  to  8.  One 
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repulsive  force,  that,  even  when  thus  separated,  the 
aqueous  molecules  cannot  be  approximated  by  slight  in¬ 
crease  of  cold  or  of  pressure  without  partial  coalescence, 
and  the  formation  of  water  or  ice.  The  same  weak¬ 
ness  of  the  divellent  energies  prevails  among  many  other 
bodies  besides  water,  when  they  are  in  the  imperfectly 
gaseous  form  of  vapours. 

The  self-repulsive  force  exerted  by  the  molecules  of 
water  in  the  liquid,  and  even  in  the  solid  form,  though 
feeble,  is  not  annihilated.  Hence,  when  the  space  or 
atmosphere  surrounding  water,  or  even  ice,  is  dry ,  (that  is, 
as  compared  with  water  or  ice,  is  a  vacuum ,)  the  super¬ 
ficial  molecules  of  the  water  or  ice  assume  their  self- 
repulsive  character,  and  fly  off  into  the  surrounding 
space  or  atmosphere,  till  such  space  or  atmosphere  is 
saturated;  in  other  words,  till  it  is  incapable  of  holding 
any  more  water  in  solution.  The  imperfectly  gaseous 
form,  in  which  water  is  thus  capable  of  existing  at  low 
temperatures,  is,  as  we  have  said,  usually  denominated 
vapour ,  to  distinguish  it  from  steam .  The  quantity  of 
vapour  which  can  be  thus  held  in  solution  at  any  given 
temperature  is  fixed  and  invariable ;  but  the  quantity, 
at  no  known  temperature  is  absolutely  0,  and  increases 
most  rapidly  with  the  degree  of  heat. 

hundred  cubic  inches  of  steam,  at  32°,  ought  therefore  to  weigh 
20*49375  grains  ;  or  5-8ths  of  32*79  grains,  which  is  the  weight  of  100 
cubic  inches  of  air  at  32°.  But  the  weight  of  100  cubic  inches  of  steam 
at  32°  is  only  *1366  grain,  or  1-1 50th  the  weight  of  air.  The  number  of 
molecules  in  steam  at  32°  is  consequently  only  1-1 50th  of  the  number  of 
molecules  in  air  at  32°.  Hence  this  diminution  of  the  number  of  mole¬ 
cules  of  aqueous  vapour,  if  we  suppose  them  to  be  diffused  equally 
throughout  the  same  space  of  100  cubic  inches,  must  of  course,  as 
stated  in  the  text,  cause  these  molecules  of  aqueous  vapour  to  be  between 
five  and  six  times  further  apart,  than  the  molecules  of  air,  or  of  any  gas 
at  the  same  temperature. 
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Since  the  quantity  of  water  the  air  can  hold  in  solu¬ 
tion  at  any  given  temperature  is  fixed;  when  the  tempera¬ 
ture  of  a  saturated  atmosphere  is  reduced,  the  superfluous 
water  is  deposited  in  the  liquid  form  ;  and  on  the  large 
scale  of  nature  such  deposition  constitutes  rain.  Since 
also  the  quantity  of  water  held  in  solution  in  the  atmo¬ 
sphere,  increases  with  the  temperature,  the  quantity  of  rain 
which  falls  in  warm  climates  is  much  larger  than  in  cold 
climates  ;  as  will  be  explained  more  fully  under  the  head 
of  Meteorology.  ‘ 

The  divellent  energies  possessed  by  the  molecules  of 
water,  are  displayed  likewise  in  different  degrees  by  the 
molecules  of  a  great  many  other  substances ;  so  that 
only  on  account  of  the  relatively  small  proportions  in 
which  such  substances  exist,  does  our  atmosphere  retain 
its  salubrity.  The  molecules  of  musk,  for  instance,  as 
well  as  of  many  essential  oils,  and  of  other  odoriferous 
matters,  seem  to  possess  even  greater  divellent  powers 
than  the  molecules  of  water;  whence  if  such  ingredients 
were  as  plentiful  in  the  air  as  water  is,  they  would  render 
the  world  uninhabitable  by  its  present  denizens.  The 
same  qualities  belong,  in  a  less  degree,  to  many  scentless 
but  poisonous  emanations  from  unhealthy  localities,  as  mal¬ 
aria  producing  fevers ;  the  subtle  matters  causing  influ¬ 
enza,  cholera,  and  other  epidemic  diseases,  &c.  Such  emana¬ 
tions,  though  trifling  in  quantity,  as  compared  with  the 
bulk  of  the  atmosphere,  and  possessing  perhaps  in  gene¬ 
ral  far  less  molecular  divellent  power  than  water,  are 
nevertheless  so  abundant  occasionally,  that  from  the 
divellent  force  their  molecules  possess,  they  become 
elevated  into  the  atmosphere ;  where,  aided  perhaps  by 
the  divellent  molecular  powers  of  the  aqueous  vapour  with 
which  they  are  associated,  and  by  the  winds,  they  become 
extensively  diffused,  and  prove  the  scourge  of  humanity 
over  wide  and  distant  countries. 
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Lastly,  the  divellent  molecular  forces  of  bodies  are  not 
confined  to  their  gaseous  form,  but  are  exemplified  in 
liquids,  and  even  perhaps  in  solids.  The  molecules 
of  saline,  and  other  matters  when  dissolved  in  water,  soon 
become  equally  diffused  through  the  whole  mass,  how 
partially  so  ever  they  might  at  first  have  been  mixed 
with  the  water, — a  fact  scarcely  to  be  explained  on  any 
other  supposition  than  that  the  molecules  of  such  bodies 
possess  a  self-repulsive  property.  Such  diffusive  property 
would  also  appear  to  extend  to  solids,  as  we  often  see 
crystals  containing  various  foreign  matters,  the  equal 
diffusion  of  which  through  the  crystals  is  difficult  to  be 
understood  on  any  other  ground,  than  that  there  exists  a 
species  of  self- repulsion  among  the  molecules  of  these 
adventitious  ingredients. 

Thus,  to  the  cohesive  energies  prevailing  among  simi¬ 
lar  molecules  of  matter,  we  owe  the  existence  of  homo¬ 
geneous  solids  and  liquids ;  and  to  their  divellent  forces, 
the  existence  of  homogeneous  fluids.  In  other  words, 
had  not  the  forces  of  homogeneity  existed,  the  whole  of 
the  materials  of  our  globe  would  have  been  jumbled  to¬ 
gether  in  inextricable  confusion.  There  would  have  been 
no  pure  solids,  liquids,  or  fluids,  and  organic  existence 
would  in  consequence  have  been  entirely  precluded. 
Further,  as  regards  water  in  particular,  to  these  molecular 
forces  are  due  the  phenomena  of  its  freezing,  conden¬ 
sation,  and  evaporation,  and  consequently  all  the  innu¬ 
merable  Meteorological  phenomena  connected  with  this 
important  body,  which  will  occupy  our  attention  in  a 
subsequent  part  of  this  volume. 
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CHAPTER  IX. 


OF  HETEROGENEOUS  ATTRACTION  AND  REPULSION;  COM¬ 
PRISING  A  SKETCH  OF  THE  CHEMICAL  PHENOMENA 
DEPENDENT  ON  THE  ATTRACTIVE  AND  DIVELLENT 
FORCES  EXERTED  AMONG  THE  MOLECULES  OF  DISSIMILAR 
MATTERS. 

We  come  now  to  consider  the  phenomena  of  chemical 
attraction  and  repulsion,  or  of  the  forces  reciprocally 
exerted  among  the  molecules  of  heterogeneous  bodies. 
For  this  purpose  it  will  be  necessary,  in  the  first  place, 
to  take  a  short  view  of  the  principal  elementary  bodies 
known  to  exist  in  nature. 


Section  I. 

Primary  Elements . 

In  a  preceding  chapter  we  have  endeavoured  to  show, 
that  the  minutest  fragment  of  homogeneous  matter  cog¬ 
nizable  by  our  senses,  is  composed  of  innumerable  mole¬ 
cules  ;  all  of  which  molecules  are  exactly  alike  in  size,  in 
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shape ;  alike  in  properties  of  every  kind  ;  and  we  deduced 
from  these  facts  an  apparently  incontestable  proof,  that  the 
molecules  of  matter  could  not  always  have  existed  in  their 
present  form  ;  nor  have  been  formed  by  chance  ;  but  that 
they  must  have  had  a  beginning ;  and  have  been  the  work 
of  a  Creator.  Now  when  we  consider  the  prodigious  quantity 
of  matter  composing  our  globe,  (to  go  no  further,)  or  even 
composing  a  portion  of  it,  as  for  instance,  the  mass  of 
water  existing  in  the  ocean ;  and  reflect  that  every  indi¬ 
vidual  molecule  of  this  water  possesses  properties,  exactly 
like  the  properties  of  the  drop  we  formerly  contemplated  ; 
our  argument,  already  sufficiently  convincing,  actually 
overwhelms  us  with  its  force.  Still  however  it  admits  of 
further  corroboration  :  and  we  proceed  now  to  show,  that 
all  this  vast  assemblage  of  molecules,  so  numerous,  so 
diversified,  so  extraordinary  as  they  are,  may  be  reduced 
to  a  very  few  elementary  groups,  which  by  their  endless 
combinations  and  separations  give  rise  to  all  the 
phenomena  of  chemistry. 

The  substances  at  present  considered  as  elementary, 
amount  to  about  fifty-six.  Of  these  elements  several 
possess  certain  properties  in  common ;  though  they  all 
differ  from  one  another  in  subordinate  particulars;  or  in 
other  words,  are  specifically  different.  Of  the  whole 
number,  not  above  two  or  three  exist,  in  any  great  quan¬ 
tity,  in  an  uncombined  state,  at  least  in  those  parts  of  our 
globe  to  which  we  have  access ;  but  the  whole  are 
wrapped  up,  as  it  were,  and  have  their  properties 
concealed,  in  compounds.  Under  ordinary  circumstances, 
most  primary  elements  exist  as  solids;  but  some  of  the 
more  important  occur  in  a  gaseous  form ;  and  one  or  two 
as  fluids.  A  few  of  them  are  apparently  of  so  little 
consequence  in  the  world,  that  were  they  annihilated, 
they  would  scarcely  be  missed  ;  while  others  of  them  are 
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so  obviously  necessary  to  the  existence  of  the  present 
order  of  things  ;  that  the  least  derangement  or  change 
in  their  proportion,  or  quantity,  would  be  fatal  to 
creation.  Some  of  these  elementary  substances  exist  in 
such  enormous  quantities,  as  to  constitute  a  large  part 
of  the  whole  visible  bulk  of  our  globe ;  while  others 
again,  occur  in  such  minute  quantity,  at  least  within 
our  reach,  as  to  be  obtained  with  difficulty,  and  not 
without  elaborate  research.  With  respect  to  the  facility 
with  which  the  primary  elements  enter  into  combination ; 
and  the  obstinacy  with  which  they  unite,  they  differ  also, 
very  remarkably ;  a  few  of  them  combining  readily  in  a 
variety  of  proportions  with  almost  all  the  rest ;  while 
some  of  the  others  can  be  scarcely  made  to  combine 
under  any  circumstances.  Lastly,  the  different  effects, 
which  different  elementary  substances  are  capable  of 
exerting  on  organic  life,  are  equally  striking.  A  large 
majority  of  them  indeed,  may,  in  their  simple  state,  be 
considered  of  a  deleterious  nature  ;  while  three  or  four  of 
them,  on  the  other  hand,  make  organized  beings  what 
they  are  ;  and  are  necessary  to  their  very  existence. 

Such  are  a  few  of  the  leading  properties  of  the  primary 
elements,  as  we  are  at  present  acquainted  with  them. 
They  have  been  arranged  by  Dr.  Thomson  under  three 
great  classes,  which  he  denominates,  the  supporters  of 
combustion  ;  the  acidificible  bases ;  and  the  alkalifiable 
bases ;  and  this  arrangement,  though  not  entirely  free 
from  objections,  we  shall  for  its  convenience  adopt.  The 
following  table  presents  a  summary  of  this  arrangement. 


Alkaline  Bases. 
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TABLE. 


I.  Supporters  of  Combustion. 

1  Oxygen. 

2  Chlorine. 

3  Bromine. 

4  Iodine. 

5  Fluorine. 

II.  Acidifiable  Bases. 

6  Hydrogen. 

7  Carbon. 

8  Azote. 

9  Boron. 

10  Silicon. 

1 1  Phosphorus. 

12  Sulfur. 

13  Selenium. 

14  Arsenic. 

15  Antimony. 

16  Tellurium. 

17  Chromium. 

18  Uranium. 

19  Vanadium. 

20  Molybdsenum. 

21  Tungsten. 

22  Titanium. 

23  Columbium. 

III.  Alkalijiable  Bases. 

[ 24  Potassium. 

I  25  Sodium. 

I  26  Lithium. 

<27  Calcium. 

28  Magnesium. 

29  Strontium. 

30  Baryum. 


co 

“♦O 

O' 

e 

K) 


31 

32 

33 

34 

35 

36 

37 

38 


Aluminum. 

Glucinum. 

Yttrium. 

Zirconium. 

Thorinum. 

Cerium. 

Lantanum. 

Dydymium. 


f39  Iron. 

S  )  40  Manganese, 
sfp*!  41  Nickel. 

V42  Cobalt. 


r  43 

Co 

44 

45 

fC> 

46 

< 

47 

*c>> 

co 

48 

49 

Zinc. 

Cadmium. 

Lead. 

Tin. 

Bismuth. 

Copper. 

Mercury. 


s 


rC5 

£ 


.50 

*51 

52 

53 

54 

55 

v56 


Silver. 

Gold. 

Platinum. 

Palladium. 

Bhodium. 

Iridium. 

Osmium. 


1.  Oxygen,  from  o£vs,  acid,  and  yeiW<o,  to  generate;  from  its  pro¬ 
perty  ot  forming  acids.  2.  Chlorine,  from  green  ;  so  called 
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Of  these  primary  elements  the  first  thirteen  do  not 
possess  metallic  properties.  All  the  rest  display  more  or 
less  perfectly  the  characters  of  metals.  It  is  foreign  to 
the  object  of  this  work  to  enter  into  a  minute  description 
of  these  bodies ;  we  shall  therefore  content  ourselves 
with  such  a  view  of  them,  as  may  enable  the  general 
reader  to  form  some  idea  of  their  properties ;  and  to 
follow  us,  without  much  difficulty,  in  our  subsequent 
statements. 


Of  the  Supporters  of  Combustion. — The  first  five  bodies 
considered  primary  elements,  Oxygen ,  Chlorine ,  Bromine , 
Iodine ,  and  Fluorine ,  are  usually  termed  supporters  of 
combustion.  They  have  some  properties  in  common ; 
though  in  other  respects,  and  particularly,  in  their  appa¬ 
rent  relative  influence  in  the  economy  of  nature,  they 


from  its  colour.  3.  Bromine,  from  fipw/ios,  fetid  ;  so  called  from  its 
strong  odour.  4.  Iodine,  from  ToeiS-qs,  violet ;  from  the  colour  it  as¬ 
sumes  in  the  gaseous  state.  6.  Hydrogen,  from  vSwp,  water,  and 
yewdo),  to  generate.  8.  Azote,  from  a  privative  and  oy,  life ;  from 
its  being  incapable  of  supporting  life.  13.  Selenium,  from  'ZeXyvy,  the 
moon.  17.  Chromium,  from  xpa>p.a,  colour;  so  called  from  the  beau¬ 
tiful  colour  of  some  of  its  salts.  18.  Uranium,  from  ovpavos,  the 
heavens.  18.  Vanadium,  from  vanadis ,  a  Scandinavian  deity.  20. 
Molybdeenum,  from  Mo\v/38(uva,  lead.  22.  Titanium,  from  TtWog,  slag 
or  cinder.  23.  Columbium,  from  Columbia,  in  America,  where  it  was 
first  found.  26.  Lithium,  from  A i'6>os,  a  stone.  29.  Strontium,  from 
Strontian,  the  name  of  a  place  in  Scotland,  where  it  was  first  found. 
30.  Baryum,  from  Bapvs,  heavy.  31.  Aluminum,  from  Alumen,  alum. 
32.  Glucinum,  from  TAv/cus,  sweet ;  from  the  taste  of  some  of  its  salts. 
54.  Rhodium,  from  'Po8ov,  a  rose;  from  the  colour  of  some  of  its  com¬ 
pounds.  55.  Iridium,  from  9lpt 9,  the  rainbow  ;  from  the  variety  of 
colours  assumed  by  some  of  its  salts.  56.  Osmium,  from  Ocrp-rj ,  odour , 
from  the  strong  smell  emitted  by  some  of  its  compounds. 
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differ  exceedingly.  These  primary  elements  are  remark¬ 
able  for  the  tendency  they  have,  not  only  to  combine 
with  one  another ;  but  with  almost  all  the  bodies  below 
them  in  the  table;  and  their  process  of  combination,  par¬ 
ticularly  in  the  case  of  oxygen,  is  usually  accompanied  by 
the  extrication  of  more  or  less  of  heat  and  light,  and  con¬ 
stitutes  the  well-known  phenomenon  termed  combustion. 

(1)  Oxygen  is  one  of  the  very  few  elementary 
substances,  occurring  naturally  in  the  gaseous  form  ;  in 
which  form  it  is  found  in  common  air,  in  the  proportion 
of  about  a  fifth  part.  Oxygen  as  it  is  the  most  abun¬ 
dant,  may  also  be  fairly  considered  one  of  the  most  im¬ 
portant  constituents  of  those  parts  of  our  globe  to  which 
we  have  access.  From  its  proneness  to  enter  into  combina¬ 
tion,  it  is  constantly  operating  upon,  and  modifying,  every 
thing.  By  far  the  greater  proportion  of  mineral  bodies, 
forming  the  ancient  as  well  as  the  later  strata,  contain 
more  or  less  of  oxygen  ;  and  in  all  plants,  and  animals, 
oxygen  actually  exists,  as  an  indispensable  primary  ele¬ 
ment.  In  short,  the  properties  of  oxygen,  as  an  element 
and  subordinate  agent,  are  of  the  highest  value  ;  while 
the  numberless  contrivances  which  are  observable 
in  nature,  to  secure,  or  evade,  or  modify  its  operations, 
are  truly  extraordinary ;  and  exhibit  on  the  part  of 
their  great  Contriver,  some  of  the  most  unequivocal  evi¬ 
dences  of  design,  to  be  seen  among  his  works.  Several 
of  the  most  important  of  these  contrivances,  we  shall 
have  occasion  to  notice  afterwards  ;  but  there  is  one  of  so 
curious  and  interesting  a  character,  that  it  may  be  men¬ 
tioned  here,  as  an  illustration  of  what  we  have  now  said. 

The  nature  and  mechanism  of  the  function  of  respira¬ 
tion  will  be  explained  elsewhere ;  it  is  sufficient  for  our 
present  purpose  to  state,  that,  by  means  of  a  complicated 
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apparatus,  the  blood  is  made  to  circulate  through  the 
lungs ;  where  it  is  exposed  to  the  influence  of  the  oxygen 
of  the  atmosphere.  For  purposes  beyond  our  compre¬ 
hension,  but  probably,  in  part  at  least,  with  a  view  to  the 
future  creation  of  organized  beings,  the  great  Architect 
of  the  universe  had  willed  that  this  principle  should  exist 
upon  the  surface  of  our  globe  in  a  gaseous  state :  when 
He  created  animals,  He  chose  also  to  render  them  depen¬ 
dent  upon  oxygen  for  their  existence ;  and  He  effects  his 
object,  not  by  bending  this  principle  to  his  purpose,  by 
altering  its  physical  or  other  properties  ;  rot  by  obtaining 
oxygen  from  water,  or  from  any  of  the  innumerable  com- 
pounds  into  which  it  enters,  which  according  to  our  imper¬ 
fect  notions  He  might  have  more  easily  done  ;  but,  as  if  on 
purpose  to  display  his  power  and  design,  He  rigidly 
adheres  to  the  properties,  both  mechanical  and  chemical, 
imparted  to  oxygen ;  and  to  these  properties  accommo¬ 
dates  his  future  labours  !  The  whole,  therefore,  of  the 
complicated  and  beautiful  apparatus,  connected  with  the 
respiration  of  animals,  is  most  obviously  designed  and 
constructed,  with  reference  to  the  properties  of  the 
oxygen  of  the  atmosphere  ;  and  altogether,  this  apparatus 
affords  one  of  the  most  striking  instances  of  adaptation 
and  design  presented  to  us  in  nature. 

(2)  Chlorine ,  in  its  elementary  state,  is  a  gas,  having  all 
the  mechanical  properties  of  common  air ;  but  chlorine 
never  occurs  naturally  in  the  state  of  gas.  It  exists  how¬ 
ever  in  large  quantities  in  a  state  of  combination,  from 
which  it  may  be  readily  obtained  by  easy  chemical  pro¬ 
cesses.  One  of  the  most  abundant  sources  of  chlorine  is 
common  salt ;  into  which  it  enters  in  the  proportion,  of 
about  60  per  cent. 

As  compared  with  oxygen,  chlorine  is  much  less  abun- 
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dant  and  perhaps  less  requisite  ;  yet  it  is  doubtful, whether 
without  chlorine,  the  present  order  of  things  could  con¬ 
tinue.  Take  for  example  thefamiliarinstanceabove  noticed. 
Let  us  consider  the  universal  diffusion  of  common  salt 
throughout  nature — what  the  sea  would  be ;  or  how 
animals  could  exist,  without  it ;  let  us  consider  these, 
and  the  numberless  other  operations,  in  which  this  valuable 
compound  is  more  or  less  included,  or  influences  ;  and  we 
shall  be  able  to  form  some  notion  of  the  part,  chlorine 
bears  in  the  economy  of  nature.  On  the  other  hand, 
when  we  reflect,  that  were  chlorine  to  be  extricated  from 
its  state  of  combination,  and  made  to  exist,  like  oxygen, 
in  a  gaseous  form,  it  would  instantly  prove  fatal  to 
organized  beings ;  can  we  fail  to  be  struck  with  the  very 
obvious  design  thus  displayed,  in  rendering  its  quantity 
and  combining  powers  such  as  to  keep  it  in  a  state  of 
union  ;  and  by  these  means,  to  secure  all  its  useful,  with¬ 
out  its  deleterious  properties  ? 

(3)  Bromine ,  and  (4)  Iodine ,  the  next  two  substances, 
are  found  principally  in  sea  water,  and  in  marine  produc¬ 
tions  ;  also  in  certain  mineral  springs.  They  appear  to 
exist  in  very  minute  proportion,  and  always  in  a  state  of 
combination.  Bromine ,  under  ordinary  circumstances,  is 
a  deep  coloured,  red  fluid,  having  a  very  strong  and 
offensive  odour.  Iodine  is  a  crystallized  solid,  volatile  by 
a  slight  increase  of  temperature,  and  forming  a  beautiful 
violet  vapour.  Bromine  and  Iodine  in  their  properties 
more  nearly  resemble  chlorine,  than  oxygen,  though  they 
differ  materially  from  both  ;  and  their  use  in  the  economy 
of  nature,  is  absolutely  unknown.  We  may  however 
observe,  that  Iodine  is  now  much  employed  for  its  medi¬ 
cinal  properties.* 

*  It  may  not  be  amiss  to  notice,  that  the  author  of  the  present 
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(5)  Fluorine  has  been  rather  inferred,  than  demon¬ 
strated  to  exist.  It  occurs  principally  in  the  mineral 
called  Fluor  spar ,  in  a  state  of  combination  with  lime. 
In  this  and  in  the  other  states  of  combination  little  is 
known  of  the  effects  of  fluorine  ;  but  in  a  state  of  purity, 
it  is  exceedingly  deleterious  :*  one  of  its  most  singular 
properties  is  that  of  corroding  glass. 


Of  Acidifiable  Bases. — We  pass  on  now  to  a  very  dif¬ 
ferent  class  of  substances,  many  of  which,  instead  of 
having  the  power  of  supporting  the  combustion  of  other 
substances,  are  themselves  combustible.  From  their 
property  of  generally  forming  acids,  when  combined  with 
the  supporters  of  combustion,  they  have  been  denominated 
by  Dr.  Thomson,  acidifiable  bases.  They  are  seventeen  in 
number,  and  the  first,  perhaps  also  the  most  remarkable 
we  have  to  notice,  is 

(6)  Hydrogen.  This  principle  in  its  elementary  state, 

volume  first  employed  the  hydriodate  of  potash,  as  a  remedy  for  goitre, 
in  the  year  1816  ;  after  having  previously  ascertained,  by  experiments 
upon  himself,  that  it  was  not  poisonous  in  small  doses,  as  had  been  re¬ 
presented.  Some  time  before  the  period  stated,  this  substance  had  been 
found  in  certain  marine  productions.  It  struck  the  author,  that 
burnt  sponge,  (a  well-known  remedy  for  goitre,)  might  owe  its  proper¬ 
ties  to  the  presence  of  Iodine,  and  this  was  his  motive  for  making  the 
trial.  He  lost  sight  of  the  case  in  which  the  remedy  was  employed, 
before  any  visible  alteration  had  been  produced  in  the  state  of  disease  ; 
but  not  before  some  of  the  most  striking  effects  of  the  remedy  were 
observed.  The  above  employment  of  the  compounds  of  Iodine  in  medi¬ 
cine  was,  at  the  time,  made  no  secret ;  and  so  early  as  18 18,  the  remedy 
was  adopted  in  St.  Thomas’s  Hospital,  by  I)r.  Elliotson,  at  the  author’s 
suggestion. 

*  Do  not  goitre ,  and  some  other  diseases  supposed  to  arise  from 
malaria,  depend  on  certain  combinations  of  Fluorine  ? 
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exists  as  a  gas,  having  all  the  mechanical  properties  of 
common  air.  In  this  state  it  is  exceedingly  inflammable : 
for  if  hydrogen  be  mixed  with  oxygen,  and  the  mixture  be 
exposed  to  heat,  the  two  gasesunite  suddenly  and  violently, 
with  a  loud  explosion ;  while  the  result  of  the  combustion 
is  water.  With  the  other  supporters  of  combustion, 
hydrogen  forms  compounds,  more  or  less  acid.  Hydrogen 
is  the  lightest  body  known,  and  under  the  same  bulk, 
therefore,  contains  less  matter  than  any  other  body.  It 
does  not  exist  naturally  in  a  separate  state,  but  always  in 
combination ;  and  by  far  most  generally  and  abundantly 
in  combination  with  oxygen,  in  the  form  of  water. 

Hydrogen  ranks  perhaps  next  to  oxygen  in  importance  ; 
at  least  as  far  as  organized  beings  are  concerned ;  since, 
like  oxygen,  it  constitutes  one  of  the  primary  elements 
of  which  they  are  formed.  Hydrogen  differs,  however, 
remarkably  from  oxygen,  in  not  beingin  its  elementary  state 
necessary  to  the  existence  of  organized  beings :  indeed 
gaseous  hydrogen  is  actually  incompatible  with  the  exist¬ 
ence  of  animals,  if  not  of  vegetables  ;  and  its  properties  as 
an  element,  have  evidently  been  sacrificed  to  its  proper¬ 
ties  as  a  compound  ;  that  is,  to  its  properties  as  water. 
Hence  we  have  to  admire  the  happy  adjustment  of  the 
quantities  of  the  two  elements  to  each  other,  so  that  the 
oxygen  shall  predominate ;  an  adjustment  which  can 
scarcely  be  explained  on  any  other  supposition  than  that 
of  design ;  for  any  other  cause,  as  chance,  would  have 
been  quite  as  likely  to  have  produced  an  excess  of  hydro¬ 
gen  as  of  oxygen ;  or  at  least  any  thing  but  the  exact 
proportions  required.  Lastly,  it  may  be  remarked,  that  to 
the  relative  proportions  of  oxygen  and  hydrogen  prevailing 
on  our  globe,  more  perhaps  than  to  any  other  subordinate 
cause,  the  present  order  of  things  owes  its  stability.  For 
the  proportions  of  these  primary  elements  are  so  happily 
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adjusted ;  and  all  the  numerous  operations  dependent 
upon  them  are,  in  consequence,  so  firmly  established ; 
that  no  material  change  can  possibly  happen  to  any  part, 
from  an  internal  cause  ;  but  if  changed  at  all,  the  whole 
must  be  changed  from  without. 

(7)  Carbon ,  or  charcoal,  is  a  substance  too  wTell  known 
in  its  ordinary  state  to  require  description.  In  its  crystal¬ 
lized  and  pure  state,  carbon  is  found  to  constitute  the 
diamond ,  the  hardest  and  most  brilliant  body  in  nature — 
a  circumstance  which  certainly  could  not  have  been  anti¬ 
cipated  ;  but  which  affords  a  most  striking  instance  of  the 
effects  produced,  by  the  different  modes  in  which  molecules 
of  the  same  matter  may  be  aggregated.  Carbon,  perhaps 
more  than  any  other  primary  element,  may  be  considered  as 
the  stain  inal,  or  fundamental,  constituent  of  organized  beings. 
This  is  particularly  the  case  in  matters  from  the  vegetable 
kingdom,  which  owe  their  peculiar  character  essentially 
to  carbon ;  and  their  endless  varieties  to  differences  in  its 
quantity ;  or  to  the  modifying  influence  of  the  hydrogen 
and  oxygen,  with  which  the  carbon  is  associated.  In 
animal  productions  carbon  exerts  a  similar  influence  ;  but 
its  effects  are  materially  modified  by  the  presence  of 
another  staminal  element,  to  be  presently  considered. 

Carbon,  in  some  state  or  other,  exists  in  considerable 
quantities  upon  the  surface  of  our  globe ;  but  apparently 
by  no  means  in  so  large  a  proportion,  as  oxygen  and 
hydrogen.  In  the  oldest  rocks  carbon  and  its  compounds 
are  rarely  met  with.  When  these  rocks  were  formed, 
therefore,  carbon  probably  existed  only  in  union  with 
oxygen,  in  the  form  of  carbonic  acid  gas.  In  rocks  of 
later  origin,  composed  of  more  appropriate  materials,  and 
at  lower  temperatures,  much  carbonic  acid  is  found  in  a 
mineral  condition.  About  this  latter  period  also  the  abun- 
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dance  of  carbonic  acid  gas,  whicli  is  the  natural  food  of  plants, 
seems  to  have  favoured  the  developement  of  vegetable 
existence  to  a  degree  of  which  at  present  we  have  no  con¬ 
ception.  To  the  remains  of  this  vegetable  profusion  we  owe 
fossil  coals ,  in  which  carbon  exists  in  nearly  a  pure  state. 
In  the  present  condition  of  our  globe,  exclusively  of  what  is 
actually  involved  in  the  composition  of  organized  beings, 
and  in  the  form  of  fossil  coals,  by  far  the  greatest  propor¬ 
tion  of  carbon  still  exists  in  the  form  of  carbonic  acid, 
which  carbonic  acid,  in  union  with  lime,  constitutes  common 
chalk  and  limestone ,  two  of  the  most  abundant  minerals  in 
nature.  Carbon  or  carbonic  acid,  must  also  be  contained 
in  large  quantity  in  the  interior  of  the  earth  ;  as  is  shown 
by  the  profusion  which  is  still,  and  for  countless  ages,  has 
been,  given  off  by  certain  mineral  springs.*  Carbon  in 
its  elementary  state  is  a  very  inert  substance;  and  is 
scarcely  liable  to  be  affected  by,  or  to  affect,  organized 
beings  ;  but  with  hydrogen  and  oxygen,  it  forms  gaseous 
compounds  of  great  activity,  which  prove  instantly  fatal 
to  animals  respiring  them.  Such  effects,  however,  appear 
to  be  obviated  by  a  beautiful  expedient  alluded  to  above, 
to  be  more  particularly  noticed  hereafter.  In  the  mean 
time  it  may  be  observed,  that  though  the  compound  of 
carbon  and  oxygen,  carbonic  acid ,  is  by  innumerable 
processes  constantly  forming  around  us  in  enormous  quan¬ 
tities  ;  by  some  compensating  means,  it  disappears  as  fast 
as  it  is  formed ;  so  that  the  atmosphere,  which  without 
this  provision,  would  probably  before  now  have  become 

*  In  order  to  give  some  idea  of  the  proportion  of  carbon  which  exists 
in  various  common  articles,  it  may  be  observed,  that  a  pound  of  char¬ 
coal  is  equal  to,  and  is  contained  in,  rather  more  than  two  pounds  of 
sugar  or  flour,  and  eight  of  potatoes  or  limestone  :  so  that  a  moun¬ 
tain  of  limestone,  contains  the  essential  element  of,  at  least,  an  equal 
hulk  of  potatoes  ;  and  of  a  forest,  that  would  amply  cover  many  such 
mountains. 
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contaminated  by  carbonic  acid  to  an  extent  fatal  to  animal 
life,  barely  contains  traces  of  it. 

(8)  Azote ,  or  nitrogen ,  is  one  of  the  very  few  primary 
elements  which  exist  naturally  in  an  uncombined  state. 
Azote  constitutes  about  4-5ths,  or  80  per  cent,  of  common 
air;  the  rest  being  principally  oxygen.  The  great  bulk  of 
this  primary  element  known  to  us,  is  confined  to  the  atmo¬ 
sphere;  or  to  animal  substances,  of  which  it  is  a  fun¬ 
damental  constituent :  and  it  enters  very  little  into  natural 
mineral  productions.  We  have  no  evidence  therefore,  of 
the  existence  of  azote  in  the  earlier  ages  of  our  globe,  and 
it  may  have  been  subsequently  created.  In  its  pure  state, 
azote  is  remarkable  for  its  negative  properties ;  that  is  to 
say,  for  the  difficulty  with  which  it  enters  into  combina¬ 
tion  with  other  matters.  Thus,  azote  is  neither  combus¬ 
tible,  nor  a  supporter  of  combustion ;  is  neither  acid,  nor 
alkaline  ;  possesses  neither  taste,  nor  smell :  nor  does  it 
directly  combine  with  any  known  substance.  Yet  when 
made  by  peculiar  management  to  unite  with  oxygen, 
hydrogen,  or  carbon,  azote  forms  some  of  the  most  ener¬ 
getic  compounds  we  possess  :  thus,  mixed  with  oxygen,  it 
forms  atmospheric  air,  as  before  observed ;  united  with 
oxygen,  it  forms  aquafortis ,  the  most  corrosive  of  liquids  ; 
united  with  hydrogen,  it  forms  the  volatile  alkali ,  or 
ammonia,  likewise  an  energetic  compound,  but  of  an 
opposite  nature ;  while  its  combination  with  carbon  when 
associated  with  hydrogen,  forms  prussic  acid ,  the  most 
virulent  of  poisons. 

Azote  may  be  considered  as  constituting  the  charac¬ 
teristic  element  of  animal  substances,  and  as  imparting  to 
them  their  peculiar  properties;  in  this  point  of  view 
therefore,  it  is  an  element  of  very  great  importance. 
Moreover,  the  above-mentioned  negative  properties  of 
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azote  are  evidently  of  a  primordial  kind,  and  seem  to  have 
been  formed  with  reference  to  future  creations ;  which 
have  all  been  most  carefully  and  rigidly  adapted  to  them. 
Thus,  had  the  properties  of  azote  not  been  negative,  those 
of  its  most  important  compound,  atmospheric  air,  could 
not  have  been  negative ;  and  atmospheric  air  might  have 
been  acid  or  alkaline ;  or  have  possessed  odour  or  colour ; 
either  of  which  circumstances  would  have  been  incom¬ 
patible  with  the  present  order  of  things. 

(9)  Boron ,  and  (10 )  Silicon,  the  next  two  substances,  ob¬ 
tain  their  names  from  borax ,  and  silex,  the  natural  productions 
in  which  they  exist  in  a  state  of  combination.  Borax  is  a 
salineproduction,  chiefly  found  in  certain  lakesinThibet  and 
China.  Boron,  the  elementary  substance  obtainable  fromit, 
is  a  dark  brown  powder,  possessing  neither  taste  nor  smell ; 
but  highly  inflammable,  at  a  temperature  below  a  red  heat. 
The  resulting  compound  thus  formed  with  oxygen,  is 
boracic  acid.  Silicon,  is  the  elementary  basis  of  silex  or 
common  flint ;  one  of  the  most  abundant  of  minerals. 
Silicon  is  a  brown  powder  very  similar  to  boron  in  ap¬ 
pearance  ;  and  like  it,  inflammable  under  certain  cir¬ 
cumstances.  By  combustion,  silicon  combines  with 
oxygen,  and  is  converted  into  silex  ;  which  many  chemists 
consider  as  an  acid.  Boron  and  silicon  do  not  exist 
naturally  ;  but  have  been  obtained  by  elaborate  chemical 
processes,  and  only  in  small  quantities.  They  seem  to  be 
more  nearly  allied  to  carbon  in  their  properties,  than  to 
any  other  elementary  substance. 

Borax  exists  in  very  small  quantities ;  and  its  use  in 
the  economy  of  nature,  is  not  apparent.  Silex,  on  the 
other  hand,  is  a  most  important  production  ;  and  in  its 
hardness,  insolubility,  and  other  refractory  properties,  we 
recognise  a  substance  admirably  adapted  to  the  purpose  for 
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which  it  has  evidently  been  designed ;  viz.  that  of  con¬ 
stituting  the  stamina,  or  ground-work,  as  it  were,  of  our 
globe ;  and  which  could  not  be  withdrawn  without 
subverting  the  whole  fabric.  Silex  is  found  in  small 
quantities,  both  in  plants  and  in  animals :  but  does  not, 
like  hydrogen,  oxygen,  carbon,  and  azote,  form  a  consti¬ 
tuent  element  of  organized  beings. 

(11)  Phosphorus ,  under  ordinary  circumstances,  is  a 
pale  amber-coloured  substance,  very  like  wax  in  appear¬ 
ance  ;  but  so  exceedingly  combustible,  that  it  cannot  be 
heated,  much  less  melted,  in  the  open  air,  without  imme¬ 
diately  taking  fire :  the  product  of  the  combustion,  when 
complete,  is  phosphoric  acid.  Under  these  circumstances, 
as  may  be  supposed,  phosphorus  does  not  exist  naturally, 
but  is  obtained  by  an  elaborate  process  from  various 
matters  into  which  it  enters ;  as  for  example,  from  bone 
earth,  or  the  earthy  basis  of  the  bones  of  animals;  and 
from  other  saline  compounds.  Phosphorus  exists  also  in 
certain  minerals  in  considerable  quantities ;  though  on 
the  whole,  it  is  not  an  abundant  principle. 

Phosphorus  affords  another  beautiful  instance,  in  which 
the  design  has  been  directed  to  the  properties  of  the  com¬ 
pound,  rather  than  to  the  element  itself.  Th e phosphate 
of  lime,  or  bone  earth,  was  apparently  the  thing  wanted, 
to  constitute  the  bony  skeleton  of  animals ;  and  ac¬ 
cordingly,  to  the  properties  of  this  compound,  the 
properties  of  the  element  seem  to  have  been  sacrificed. 
Neither  lime  itself  in  mass,  nor  any  of  its  mineral 
compounds,  appear  to  be  adapted  for  forming  a  con¬ 
stituent  element  of  a  living  organized  being.  It  was 
necessary,  therefore,  to  have  a  connecting  medium,  or 
link,  that  should  unite  organization  with  the  mineral  con¬ 
stituent  ;  and  phosphorus  admirably  accomplishes  this 
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object.  Accordingly,  we  see,  that  organization  goes 
on  in  conjunction  with  lime  in  the  bones  of  animals, 
through  the  medium  of  phosphorus,  quite  as  readily  as  in 
other  parts  of  their  system  :  whereas,  when  phosphorus  is 
absent,  as  in  shells,  and  in  other  deposites  of  carbonate  of 
lime,  the  carbonate  of  lime  is  extra- vascular,  and  seems 
to  form  no  part  of  the  living  system.  There  are  also  other 
important  offices  which  phosphorus  evidently  performs  in 
the  animal  economy  :  some  of  which  we  shall  notice  in 
another  part  of  this  treatise. 

(12)  Sulfur.  This  well-known  substance  is  one  of  the 
very  few  that  exist  naturally  in  an  elementary  state. 
Sulfur  is  an  abundant,  and  probably  important,  element  in 
the  economy  of  nature  ;  as  it  not  only  exists  in  large 
quantities  in  the  mineral  kingdom,  but  in  a  greater  or  less 
proportion,  in  almost  all  animal,  and  in  many  vegetable 
matters.  Its  uses,  however,  at  present,  are  very  imper¬ 
fectly  understood.  Sulfur  combines  with  hydrogen,  and 
forms  a  very  deleterious  gaseous  compound.  Its  com¬ 
binations  with  oxygen  are  generally  acid,  and  very  active 
in  their  concentrated  form  ;  but  not  poisonous. 

(13.)  Selenium ,  the  next  substance,  is  found  in  very 
minute  quantities,  generally  associated  with  sulfur  ;  which 
in  its  properties  it  somewhat  resembles  :  or  rather, 
perhaps,  it  appears  to  constitute  the  connecting  link  be¬ 
tween  sulfur,  and  the  metals.  The  uses  of  selenium  in 
the  economy  of  nature  are  unknown  ;  but  we  shall  have 
occasion  afterwards  to  refer  to  its  compound  with  hydro¬ 
gen  ;  which  is  even  more  deleterious,  than  the  compound 
of  sulfur  with  that  element. 

(14)  Arsenic ,  in  its  pure  state  is  a  metalloid,  or  imper- 
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fectly  metallic  substance,  having  much  the  appearance  of 
polished  steel.  In  the  form  in  which  it  is  popularly 
known,  as  white  arsenic ,  it  is  combined  with  oxygen ;  and 
constitutes  one  of  the  most  deadly  poisons.  Arsenic  exists 
in  certain  minerals  in  considerable  quantities  ;  but  seems, 
in  every  state  of  combination  to  be  incompatible  with 
organic  life. 


(15)  Antimony ,  is  usually  found,  associated  with  sulfur: 
the  compound  of  antimony  and  sulfur  was  for  a  long  time, 
considered  as  the  metal  itself.  In  its  pure  state,  antimony 
has  a  bluish-grey  colour,  and  possesses  considerable 
metallic  splendour ;  but  in  this  form,  it  seldom  occurs  in 
nature.  The  compounds  of  antimony  are  active  medicinal 
agents  ;  and  some  of  these  compounds  are  much  employed 
in  medicine. 

(16)  Tellurium ,  (17)  Chromium ,  (18 )  Uranium,  (!9) 
Vanadium ,  (20)  Molyhdcenum ,  (21)  Tungsten ,  (22)  Tita¬ 
nium,  and  (23)  Columhium ,  the  next  eight  substances,  are 
metals,  for  the  most  part  obtained  by  elaborate  processes, 
from  rare  mineral  productions.  The  most  valuable,  as 
well  perhaps  as  the  most  abundant,  of  these  substances,  is 
chromium  ;  the  compounds  of  which,  from  the  splendour 
of  their  colours,  have  been  lately  much  employed  in  the 
arts.  Like  selenium,  arsenic,  and  antimony,  these  metals 
all  combine  with  oxygen,  &c.  and  form  compounds, 
possessing  many  of  the  characters  of  acids.  It  may  be 
remarked  of  all  these  substances,  that  at  present  their  use 
in  the  economy  of  nature  is  beyond  our  knowledge. 


Of  Alkalifiahle  J3ases. — The  next  thirty-one  substances 
have  been  denominated  by  Dr.  Thomson  alkalifahle  bases  : 
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these  substances  have  been  so  denominated,  because  the 
compounds  formed  from  all  of  them,  partake  more  or  less 
of  the  character  of  the  compounds  formed  from  the  sub¬ 
stances  in  the  first  subdivision  or  family  in  the  class,  which 
are  termed  alkalis.  Dr.  Thomson  has  subdivided  the 
alkalifiable  bases  into  five  families,  having  characters 
sufficiently  indicated  by  their  designations :  they  are 
the  alkaline  bases  ;  the  earthy  bases ;  the  difficultly  fusible 
bases;  the  easily  fusible  bases:  and  the  noble  metals . 

Of  the  Alkaline  Bases. — (24 )  Potassium,  and  (25)  Sodium , 
are  the  metallic  bases  of  the  two  well-known  alkaline  sub¬ 
stances,  potash  and  soda  ;  which  are  compounds  of  these 
metals  with  oxygen.  Such,  however,  are  the  powerful  affi¬ 
nities  of  the  metallic  bases  for  oxygen,  that  they  no  where 
exist  naturally  upon  the  surface  of  our  globe.  The  same 
may  be  also  remarked  of  potash  and  soda ;  the  powerful 
alkaline  properties  of  which  substances  prevent  them  from 
existing  uncombined.  In  this  respect,  the  compounds 
potassium  and  sodium  form  with  oxygen,  present  a  striking 
contrast  with  the  compounds  they  form  with  the  analogous 
principle,  chlorine;  the  compounds  of  potassium  and  sodium 
with  chlorine,  (the  latter  of  which  constitutes  common  salt,) 
are  remarkable  for  their  permanent  character  ;  and  for  the 
little  tendency  they  have,  in  general,  to  enter  into 
a  further  state  of  combination.  Besides  their  remarkable 
avidity  for  oxygen,  potassium  and  sodium  possess  some 
other  unusual  properties.  Potassium,  for  example,  is  so 
light,  that  were  it  compatible  with  water,  it  would  swim 
on  the  surface  of  that  fluid  ;  a  circumstance  we  can  hardly 
imagine  to  happen  with  a  metal. 

Potash  and  soda,  in  all  their  forms,  are  most  important 
principles.  Their  existence  can  be  traced  to  the  earliest 
formations  of  our  globe,  and  is  evidently  necessary  to  the 
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present  order  of  things,  both  mineral  and  organized ;  for¬ 
th  ere  are  few  organized  beings,  that  do  not  contain  more 
or  less  of  them.  Potash  is  found  more  particularly  in 
plants ;  but  exists  also  in  animals  :  while  the  universal 
presence  of  soda  in  animals,  in  the  form  of  common  salt, 
has  been  already  referred  to,  and  is  generally  known. 
These  alkalies  present  us  with  a  beautiful  instance  of 
adaptation  for  the  purposes  they  seem  destined  to 
fulfil  in  the  operations  of  nature.  Had  they  been  solids  ; 
or  had  they  formed  solid  compounds,  like  many  of  the 
preceding  principles  ;  they  would  have  been  totally 
unfitted  for  their  peculiar  office ;  that  is  to  say,  for  forming 
a  constituent  element  of  the  fluids  of  organized  beings. 

(26)  Lithium ,  is  the  metallic  basis  of  the  alkaline  sub¬ 
stance  termed  lithia .  This  newly  discovered  substance 
is  intermediate  in  its  properties,  between  the  alkalies  and 
the  earths,  to  be  next  considered.  It  has  hitherto  been  met 
with,  in  some  rare  minerals,  and  in  small  quantities  only. 

(27)  Calcium ,  the  metallic  basis  of  lime ,  can  be  obtained 
only  by  a  troublesome  and  difficult  process ;  and,  of  course, 
does  not  exist  naturally.  It  is  a  white  metal  like  silver, 
and  by  union  with  oxygen,  is  readily  convertible  into  lime. 
This  well-known  element  exists  in  the  greatest  abundance 
in  nature ;  not  as  quick-lime :  but  united  with  carbon  and 
oxygen,  in  the  form  of  common  lime-stone ,  marble ,  &c. 

The  great  value  of  lime  in  the  economy  of  na¬ 
ture,  is  too  obvious  to  require  notice ;  and  it  is  only 
necessary  to  revert  to  the  fact,  that  this  earthy  material 
is  one  of  the  very  few  mineral  productions,  capable  of 
forming  a  part  of  a  living  organized  being ;  at  least  in 
any  quantity.  This  earth,  as  formerly  noticed,  constitutes 
with  phosphorus  and  oxygen,  the  basis  of  the  bones  of 
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animals;  and  with  carbon  and  oxygen,  all  the  endless 
variety  of  shells,  and  similar  products.  Thus  the  pro¬ 
perties  of  lime,  furnish  another  striking  instance  of  adap¬ 
tation  to  a  particular  purpose.  The  compounds  of  potash 
and  soda  are  all  very  soluble  in  water,  and  hence  are 
chiefly  confined  to  the  fluids  of  animals  ;  in  which  their 
presence  is  indispensable.  But  a  solid  frame  work,  or 
skeleton,  was  necessary  to  the  existence  of  more  per¬ 
fect  animals  ;  and  as  this  framework  could  not  be  formed 
from  the  soluble  potash  or  soda  ;  the  introduction  of  ano¬ 
ther  mineral  substance,  possessed  of  the  requisite  pro¬ 
perties,  was  necessary.  Now  lime,  having  some  com¬ 
pounds  solid,  and  others  fluid ,  is  admirably  adapted 
for  the  purpose.  Lime  accordingly  has  been  chosen: 
the  lime  is  carried,  in  a  state  of  solution,  to  the  spot 
where  it  is  required,  and  is  there  converted  into  a  solid ; 
while  by  the  same  agency,  this  solid,  having  fulfilled  its 
office,  is  again  converted  into  a  fluid  and  removed  ! 

(28)  Magnesium ,  is  the  metallic  basis  of  the  well-known 
earth,  called  magnesia.  It  is  said  to  resemble  calcium  in 
its  properties ;  and  like  that  element  does  not  exist 
naturally,  at  least  upon  the  surface  of  our  globe.  Mag¬ 
nesia,  though  occurring  most  abundantly  in  nature,  and 
entering  very  largely  into  the  composition  of  rocks  ;  never, 
like  lime,  constitutes  masses  of  great  extent,  in  the  same 
simple  state  of  combination ;  that  is  to  say,  there  are  no 
mountains  of  magnesia ;  as  there  are  of  chalk  and  of 
limestone. 

Magnesia,  like  the  three  preceding  mineral  substances, 
potash,  soda,  and  lime  seems  to  be  indispensable  to  the  ex¬ 
istence  of  organized  beings  ;  as  there  are  fe  win  which  traces 
of  this  earth  are  not  met  with,  generally  associated  with 
phosphorus.  Its  uses,  however,  are  less  obvious  than 


MAGNESIUM.  STRONTIUM.  BARYUM.  ALUMINUM.  125 

those  of  the  three  other  substances,  and  indeed  may  be 
said  to  be  unknown :  though  there  is  reason  to  believe, 
that  it  is  most  intimately  connected  with  the  operations 
of  organic  life. 

(29)  Strontium ,  and  (30)  Baryum ,  the  metallic  bases 
of  the  two  alkaline  earths,  strontia ,  and  baryta ,  are  allied 
to  calcium  and  magnesium  in  some  of  their  properties ; 
but  differ  exceedingly  from  them  in  others.  The  com¬ 
binations  of  strontium  and  barium  with  oxygen  exhibit  a 
still  more  decidedly  alkaline  character,  than  the  combina¬ 
tions  of  either  calcium,  or  magnesium  ;  and  in  consequence, 
like  lime  and  magnesia,  strontia  and  baryta  exist  only  in 
further  states  of  combination ;  most  generally  united 
with  carbon  and  oxygen,  or  with  sulfur  and  oxygen. 
Compared  with  lime  and  magnesia,  strontia  and  baryta 
exist  but  sparingly ;  and  neither  of  them  has  any  thing 
to  do  with  organization  ;  indeed  many  of  the  combinations 
of  baryum  are  virulent  poisons. 

Of  the  earthy  Bases.  (31)  Aluminum ,  is  the  metallic 
basis  of  the  earth  alumina ;  the  characteristic  ingredient 
of  the  well-known  salt,  called  alum.  The  metallic  basis, 
like  the  preceding,  no  where  exists;  but  alumina,  the 
compound  of  aluminum  and  oxygen,  is  one  of  the  most 
abundant  productions  of  nature  ;  and  constitutes  an  in¬ 
gredient  in  by  far  the  greater  number  of  rocks  and  soils 
upon  the  surface  of  the  globe.  The  different  kinds  of 
clay,  also,  from  which  bricks,  earthenware,  &c.,  are  formed, 
consist  chiefly  of  this  earth,  in  different  states  of  purity ; 
so  that  it  is  a  substance  of  great  utility  and  impor¬ 
tance. 

Alumina  appears  to  have  little  to  do  with  organization  ; 
at  least,  it  is  not  known  to  form  a  necessary  constituent 
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of  any  organized  being,  either  vegetable  or  animal ;  though 
it  is  in  constant  communication  with  organized  beings ; 
and  appears  to  be  almost  necessary,  in  some  indirect  way, 
to  their  existence.  This  fact  is  remarkable ;  for  since 
alumina  does  not  appear  to  be  poisonous,  it  could  scarcely 
have  been  so  completely  excluded  from  living  bodies, 
except  by  some  design  beyond  our  comprehension. 

(32)  Glucinum ,  (33)  Yttrium ,  (34)  Zirconium ,  and 
(35)  Thorinum ,  the  four  next  primary  elements,  are  the 
metallic  bases  of  substances,  usually  considered  as  possess¬ 
ing  the  characters  of  earthy  bodies,  which  substances  are 
denominated  Glucina ,  Yttria ,  Zirconia ,  and  Thorina. 
All  these  earthy  bodies  appear  to  exist  very  sparingly  in 
nature ;  and  are  only  found  in  some  rare  minerals.  Glu¬ 
cina  has  not  been  hitherto  met  with,  but  in  the  precious 
stones  denominated  the  emerald ,  the  beryl ,  and  the  euclase ; 
yttria  and  thorina  in  some  rare  Swedish  and  Norwegian 
minerals  and  zirconia  in  the  jargon ,  or  zircon  from 
Ceylon,  and  in  the  hyacinth.  These  earthy  bodies  more 
nearly  resemble  alumina,  than  any  other  substance. 

(36)  Cerium ,  (37)  Lantanum ,  and  (38)  Didym  or 
didymium ,  are  metals  very  little  known,  and  have  hitherto 
been  obtained,  in  minute  quantities  only,  from  cerite ,  a 
rare  mineral  occurring  in  Sweden  and  in  Greenland. 

Of  the  difficultly  fusible  Bases.  (39)  Iron ,  one  of  the 
most  important,  is  also  one  of  the  most  abundant  elemen- 


*  According  to  some  recent  observations,  the  substance  hitherto 
called  yttria  is  a  mixture  of  three  different  metallic  oxides,  viz.,  of  the 
oxide  of  yttrium  properly  so  called,  and  of  the  oxides  of  two  new  metals 
termed  erbium  and  terbium. 
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tary  substances  in  nature.  Iron  is  met  with  occasionally 
in  the  metallic  state  ;  but  most  generally,  it  is  found 
mineralized  in  various  ways ;  and  can  only  be  obtained 
pure,  by  an  elaborate  process.  Iron  exists  in  minute 
quantities  in  almost  all  vegetable  and  animal  products 
particularly  in  the  blood  ;  though  its  mode  of  combination, 
as  well  as  its  precise  use,  are  little  known. 

Iron  may  justly  be  considered  as  the  most  useful  of  all 
the  metals  ;  and  the  one,  that  has  perhaps  contributed 
more  toward  the  civilization  of  mankind,  than  any  other. 
To  form  some  idea  of  its  use,  we  have  only  to  reflect, 
what  would  happen  if  it  were  annihilated.  What  sub¬ 
stitute  could  be  found  for  iron,  in  all  the  numerous  in¬ 
stances  in  which  it  contributes  to  the  wants,  or  to  the 
comforts,  of  mankind ;  particularly  through  the  medium 
of  tools,  of  almost  every  one  of  which  iron  constitutes 
the  essential  material  ?  In  short,  when  we  contemplate 
all  the  circumstances  connected  with  this  metal ;  its 
abundance,  the  manner  in  which  it  is  mineralized,  and 
the  occasion  which  it  thus  gives  to  human  ingenuity  to 
extract  it  from  its  ores ;  its  wholesomeness,  (for  many  of 
the  metals  are  poisonous) ;  its  properties,  particularly  its 
extraordinary  tenacity,  its  strength,  its  property  of  weld¬ 
ing,  of  being  converted  into  steel,  and  in  this  form  of 
being  tempered  to  any  degree  of  hardness  we  choose ;  its 
magnetic  properties,  &c., — when  we  contemplate  all  these 
circumstances,  it  is  impossible  not  to  be  struck  with  such 
varied  usefulness ;  and  to  consider  iron,  not  only  as  an 
article  evidently  designed  for  the  benefit  of  man ;  but  as 
the  instrument,  by  which  he  should  conquer,  and  govern 
the  world ;  and  thus  be  enabled  to  place  himself,  where 
it  was  evidently  intended  he  should  be,  at  the  head  of 
creation. 
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(40)  Manganese ,  somewhat  resembles  iron  in  a  few  of 
its  properties.  Manganese  may  be  obtained  from  its  ores 
by  an  elaborate  process :  but  in  this  form  it  is  little 
known  or  used.  Manganese  exists  in  minute  quantities 
in  certain  mineral  waters ;  and  in  a  few  animal  products. 
The  combinations  of  this  metal  with  oxygen  are  employed 
in  the  arts ;  the  chemist  also  frequently  procures  oxygen 
for  his  experiments,  from  the  ores  of  manganese.  Though 
much  diffused,  manganese  is  not  a  very  abundant  metal,  at 
least  compared  with  iron ;  and  is  apparently  of  much  less 
use  in  the  economy  of  nature. 

(41)  Nickel ,  and  (42)  Cobalt ,  are  two  metals  some¬ 
what  resembling  each  other  in  their  properties ;  and 
their  ores  are  often  associated.  It  is  remarkable  also,  that 
nickel  and  cobalt  are  both  generally  found  combined  with 
iron,  in  those  mineral  bodies  which  occasionally  fall 
from  the  atmosphere ;  and  which  are  considered  to  be  of 
meteoric  origin.  Like  iron  also,  both  these  metals  are 
capable  of  becoming  magnetic.  Cobalt  is  used  in  the  arts, 
and  is  the  basis  of  the  blue  colour  upon  our  earthenware ; 
but  neither  this  metal,  nor  nickel,  are  to  be  compared  with 
iron  in  point  of  utility  :  nor  are  they  very  abundant  pro¬ 
ductions. 

Of  the  easily  fusible  Bases.  (43)  Zinc,  (44)  Cadmium. 
These  two  metals  are  generally  found  together  in 
nature,  and  are  much  alike  in  their  properties ;  but 
cadmium  is  comparatively  less  abundant  than  zinc,  and  has 
been  only  recently  discovered.  Zinc  is  a  metal  easily 
melted  ;  of  a  bluish  white  colour ;  and  of  a  lamellated 
brittle  texture :  though  by  peculiar  management,  it  may 
be  rendered  malleable.  It  is  an  ingredient  in  the  well- 
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known  metal,  brass ;  and  in  this  form  is  much  used,  and 
is  of  considerable  utility. 

(45.)  Lead.  This  well-known  metal  is  not  found  in 
its  metallic  state,  but  its  ores  are  very  abundant ;  and 
most  of  the  lead  of  commerce,  is  extracted  from  the 
mineral,  called  galena ,  which  is  a  compound  of  lead  and 
sulfur.  The  general  properties  of  lead  and  of  its  com¬ 
pounds,  render  it  of  considerable  importance  ;  but  its 
poisonous  properties  are  a  great  draw-back  to  its  use¬ 
fulness.  Why  lead,  and  other  mineral  matters,  should 
have  been  constituted  poisonous,  is  a  question  beyond  our 
reach ;  and  all  we  can  at  present  venture  to  state  on  this 
and  on  similar  points  is,  that  man  is  an  intelligent  being, 
and  as  such  possesses  the  requisite  knowledge  and  power 
to  avoid,  if  he  chooses  or  wills,  the  deleterious  properties 
of  lead  and  other  poisonous  substances. 

(46.)  Tin.  This  useful  metal  has  been  employed  by 
man  from  the  most  remote  antiquity ;  though  it  nowhere 
exists  naturally  in  its  metallic  state ;  but  usually  in  con¬ 
junction  with  oxygen.  Tin  is  not  a  very  plentiful  metal, 
being  apparently  confined  to  a  few  localities  only ;  one  of 
the  most  noted  of  which,  is  Cornwall.  Tin  is  innoxious, 
and  is  therefore  much  used  for  domestic  purposes. 

(47.)  Bismuth ,  occurs  in  nature,  both  in  the  metallic 
state,  and  in  various  states  of  combination.  Bismuth  has 
a  reddish  white  colour ;  a  lamellated  brittle  texture  ;  and 
is  easily  fusible.  Bismuth  is  not  a  very  abundant  metal ; 
nor  is  it  much  employed. 

(48.)  Copper ,  occurs  in  nature  in  the  metallic  state? 
but  much  more  frequently  mineralized,  especially  with 
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sulfur.  We  derive  great  advantage  from  copper  both 
in  its  pure  and  mixed  states ;  and  in  consequence  of 
its  valuable  properties  it  is  much  used  in  the  arts. 
With  zinc,  copper  forms  brass;  with  tin,  bellmetal ; 
both  well-known  compounds.  Copper  has  been  lately 
said  to  exist  in  very  minute  quantities  in  organic  nature ; 
but  whether  as  an  accidental,  or  as  an  essential  ingredient, 
is  not  known.  The  compounds  of  copper  are  poisonous  ; 
but  these  poisonous  properties,  like  the  poisonous  pro¬ 
perties  of  lead,  can  be  easily  obviated,  and  guarded 
against. 


(49)  Mercury .  This  well-known  fluid  metal  occurs  in 
the  metallic  state ;  but  more  frequently  mineralized, 
especially  with  sulfur.  The  importance  of  Mercury  in 
the  arts,  and  as  a  medicinal  agent,  need  scarcely  be  men¬ 
tioned  here.  The  fluidity  of  mercury,  presents  a  beautiful 
instance  of  the  endless  diversity  of  nature;  and  adds 
much  to  its  value  and  usefulness.  Mercury  exists  in  con¬ 
siderable  abundance ;  though  much  less  so,  than  many  of 
the  preceding  elementary  substances. 


Of  the  noble  Metals.  (50)  Silver ,  and  (51)  Gold ,  and 
their  uses  are  too  well  known  to  require  description.  In¬ 
dependently  of  their  beauty,  which  is  pre-eminent,  silver 
and  gold  are  less  liable  to  change  than  most  other  bodies ; 
properties,  which,  together  with  their  scarcity,  have 
rendered  these  metals  by  the  common  consent  of  mankind 
in  all  ages,  the  universal  representatives  of  value.  With 
some  such  benevolent  regard  to  man’s  convenience,  silver 
and  gold  were  probably  created ;  for  in  the  economy  of 
nature  these  metals  apparently  act  a  very  unimportant 
part,  and  might  even  be  removed  without  deranging  the 
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present  order  of  things.  How  different  in  importance  are 
these  noble  metals  from  many  of  the  little-esteemed 
elements  before  described,  many  of  which  could  not  be 
annihilated  without  the  destruction  of  all  the  rest.  How 
different  are  they  even  from  iron,  in  intrinsic  value, 
that  humble  medium  by  which  man  has  been  enabled  to 
conquer  the  world  !  Silver  and  gold  are  both  met  with 
in  the  metallic  state ;  but  silver  also  occurs  mineralized. 
When  pure,  these  metals  are  too  soft  for  the  manufacture 
of  coins ,  for  which  they  are  chiefly  employed  ;  and  are 
alloyed  with  a  certain  proportion  of  some  other  metal, 
generally  copper,  which  imparts  the  necessary  hardness. 

(52)  Platinum ,  (53)  Palladium ,  (54)  Rhodium ,  (55)  Iri¬ 
dium,  and  (56)  Osmium ,  are  metals  usually  found  associ¬ 
ated  in  small  quantities,  chiefly  in  certain  districts  of 
South  America ;  but  recently  also,  in  the  old  world. 
Platinum ,  the  most  abundant  and  important  of  these 
metals,  is  the  heaviest  body  in  nature.  Platinum  is  acted 
on  with  difficulty  by  most  ordinary  agents ;  but  it  may  be 
welded  by  heat  —  properties  which  render  platinum 
exceedingly  valuable  for  many  purposes ;  and  make  us 
regret,  that  it  is  not  more  abundant.  Palladium  some¬ 
what  resembles  platinum  in  its  characters ;  but  occurs 
less  frequently.  The  other  three  metals  exist  in  very 
minute  quantities ;  and  their  properties  are  imperfectly 
known. 

We  have  thus  taken  a  summary  view,  of  the  different 
primary  elements  met  with  upon  the  surface  of  our  globe ; 
and  of  their  leading  properties.  We  shall,  in  the  next 
place,  consider  the  laws  by  which  the  union  of  these  pri¬ 
mary  elements  with  one  another  are  regulated. 

k  2 
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Section  II. 

Of  the  laws  of  Heterogeneous  and  Homogeneous  union . 

As  the  following  remarks  on  the  laws  of  heterogeneous 
and  homogeneous  union  can  scarcely  be  so  given  as  to 
prove  a  source  of  interest  to  the  general  reader,  he  is 
desired  to  pass  them  over  and  to  turn  to  the  last  chapter 
of  this  Book ;  wdiere  he  will  find  a  brief  sketch  of  the 
evidence  which  the  various  subjects  treated  of  furnish  in 
favour  of  design,  and  of  the  wisdom  and  power  of  the 
Creator. 

In  the  preceding  chapters  we  have  attempted  to  explain 
the  following  general  facts  or  laws  : 

First  law.  That  every  molecule  of  matter ,  whether  pri¬ 
mary  or  compounded ,  possesses  two  kinds  of  polarity  ;  viz. 
homogeneous  polarity ,  proper  to  molecules  of  similar 
matter ,  and  determining  the  phenomena  of  cohesion  and 
divulsion  ;  and  heterogeneous  polarity ,  proper  to  mole¬ 
cules  of  dissimilar  matter ,  and  determining  the  phenomena 
of  chemical  attraction  and  repulsion  ;  and  that  all  the 
phenomena  of  Homogeneity  and  of  Heterogeneity ,  however 
complicated  they  may  appear ,  are  binary  or  dual;  i.  e. 
immediately  result  in  every  instance  from  forces  mutually 
exerted  between  only  two  molecules  of  matter. 

Second  law.  That  all  gaseous  bodies ,  under  the  same 
pressure  and  temperature ,  contain  an  equal  number  of 
self-repulsive  molecules. 

We  have  now  to  announce  another  satisfactorily  esta¬ 
blished  general  fact  or  Law ,  viz. — 

Third  law.  That  the  same  volume ,  by  measure ,  of  any  gas 
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always  combines  with  either  precisely  a  similar  volume  by 
measure  of  the  same ,  or  of  another  gas ;  or  with  some 
multiple ,  or  submultiple  volume  by  measure ,  of  that  gas  ; 
(in  other  words ,  with  twice ,  or  thrice ,  or  half  or  a  quarter 
as  much,  Spc.)  but  not  with  any  intermediate  proportion ; 
and  further ,  that  the  volume  by  measure  of  the  resulting 
compound ,  always  has  reference  to  the  volumes  by  measure , 
of  the  constituent  elements  of  the  resulting  compound , 

After  briefly  illustrating  this  third  law,  we  shall  point 
out  some  of  the  important  inferences  deducible  from  the 
whole  three  laws  taken  together. 

As  a  means  of  illustrating  the  third  law  just  cited,  let 
us  take  our  old  example  of  water. 

Water  has  been  shown  by  repeated  experiments  to 
consist  of  one  volume  by  measure  of  oxygen  gas,  and  two 
volumes  by  measure  of  hydrogen  gas ;  and  so  invariably 
have  these  results  been  obtained,  that  we  cannot  suppose 
water  to  consist  of  any  other  proportions  of  these  ele¬ 
ments.  It  has  also  been  shown  by  equally  conclusive 
experiments,  that  the  resulting  water,  if  in  the  state  of 
steam,  occupies  exactly  the  space  of  two  of  the  three  ori¬ 
ginal  volumes  by  measure  ;  so  that  one  original  volume  by 
measure  has  disappeared.  Now  let  us  consider  atten¬ 
tively,  what  must  have  happened  during  these  changes. 
One  volume  of  oxygen  gas  has  contributed  to  form  twice 
its  volume  by  measure  of  water ;  which  two  volumes  of 
water,  according  to  the  second  law,  must  consist  of  twice 
the  number  of  self-repulsive  molecules  contained  in  the 
one  volume  of  oxygen ;  yet  every  one  of  these  molecules 
must  contain  oxygen ;  because  oxygen  is  an  essential 
element  of  water :  it  follows,  therefore,  irresistibly,  that 
every  self-repulsive  molecule  of  oxygen,  has  been  divided 
into  two  ;  and  consequently,  must  have  originally  con¬ 
sisted  of  at  least  two  elementary  molecules  somehow  or 
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other  associated,  so  as  to  have  formed  only  one  self-repul¬ 
sive  molecule.  This  conclusion,  which  seems  to  flow 
inevitably  from  our  premises,  is  most  important,  as  we 
shall  see  immediately ;  and  enables  us  to  throw  no  small 
light  upon  many  points  deemed  obscure.  In  the  mean¬ 
time,  let  us  consider  briefly  the  nature  of  the  compound 
self-repulsive  molecule  of  hydrogen.  Whether  the  self- 
repulsive  molecule  of  hydrogen  be  double  or  not,  cannot  be 
inferred  from  the  composition  of  water,  as  above  stated ; 
but  this  double  state  of  the  molecule  of  hydrogen  may  be 
demonstrated  from  other  compounds,  into  which  hydrogen 
enters.  Thus  muriatic  acid  gas  is  composed  of  one  volume 
by  measure,  of  chlorine  gas,  and  one  volume  by  measure, 
of  hydrogen  gas ;  which  two  volumes  unite  without  any 
condensation,  and  form  two  volumes  by  measure  of 
muriatic  acid  gas  :  now,  in  this  case,  it  is  evident  that 
not  only  the  self-repulsive  molecule  of  hydrogen,  but  also 
that  the  self-repulsive  molecule  of  chlorine,  must  be 
double  at  least,  like  the  self-repulsive  molecule  of  oxygen 
above  mentioned ;  and  the  same  double  state  of  the 
molecules  might  be  shown  with  respect  to  other  gaseous 
bodies. 

We  have  said  above,  that  the  self-repulsive  molecules 
of  oxygen  and  of  hydrogen,  are  at  least  double;  but  the 
probability  is,  that  they  are  in  reality  much  more  com¬ 
pounded  ;  as  the  following  observations  will  show. 

The  molecule  of  water,  on  entering  into  combination, 
is  often  found  to  be  divided  into  two,  or  three,  (perhaps 
more,)  parts.  Now  as  we  cannot  admit  the  division  of  an 
ultimate  molecule,  or  atom  ;  we  must  of  course  conclude, 
that  the  molecules  of  oxygen  and  of  hydrogen,  are  much 
more  compounded  than  as  above  represented ;  and  must 
each  of  them  contain  at  least,  three  component,  or  sub - 
molecules.  Hence  the  molecule  of  water  will  consist  of 
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at  least  nine  component  sub-molecules,  (viz.  three  of 
oxygen,  and  six  of  hydrogen,)  which  we  may  suppose  to 
be  associated — in  the  first  place,  the  hydrogen  with  the 
oxygen,  chemically ;  and  afterwards  the  three  sub-molecules 
of  water  with  one  another  cohesively ,  so  as  to  constitute 
one  spheroidal  molecule ;  in  a  manner,  it  would  not, 
perhaps,  with  a  little  ingenuity,  be  difficult  to  represent 
mechanically.* 

Precisely  the  same  laws  of  union  may  be  supposed  to 
prevail  among  the  molecules  of  solid  bodies,  as  they 
actually  exist  around  us.  Thus,  let  us  take  a  crystal  of 
oxalic  acid ,  a  substance  familiar  to  most  readers,  as  an 
instance  for  illustration.  This  acid  is  composed,  according 
to  the  present  language  of  chemists,  of  two  molecules  of 
carbon,  and  three  of  oxygen,  which,  by  combining,  form  the 
acid ;  while,  to  complete  the  compound  molecule,  and  to 
adapt  it  for  crystallization,  three  molecules  of  water  are 
required  to  be  somehow  associated,  with  each  of  the  mole¬ 
cules  of  the  acid.  Now  in  this  case,  we  suppose,  that  the 
two  molecules  of  carbon,  (each  of  which  is  perhaps  already 
made  up  of  several  sub-molecules,)  are  cohesively  associated 
into  one  symmetrical  super-molecide  ;  that  the  three  mole¬ 
cules  of  oxygen,  associated  in  a  similar  manner,  are  then 
combined  chemically  with  the  super-molecule  of  carbon, 
and  thus  form  by  their  union  a  molecule  of  oxalic 
acid ;  finally,  that  the  three  molecules  of  water  are 
cohesively  associated  into  one  super-molecule,  which  unites 
chemically  with  the  molecule  of  oxalic  acid ;  and  thus 

*  When  bodies,  as,  for  example,  water,  are  subjected  to  intense  de¬ 
grees  of  heat,  it  is  not  improbable  that  in  many  instances  the  self-repul¬ 
sive  molecules  are  more  or  less  separated  into  their  constituent  sub¬ 
molecules  ;  in  which  case,  of  course,  the  bodies  may  be  supposed  to 
exhibit  altogether  different  elastic  powers,  and  laws  of  expansion. 
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completes  the  molecule  of  the  acid,  as  it  is  presented  in 
the  crystallized  form.* 

Such  are  the  views  we  have  been  induced  to  take  of  the 
nature  of  homogeneous  and  heterogeneous  molecular  com¬ 
binations  :  whether  right  or  wrong,  they  have  the  merit  of 
being  exceedingly  simple,  and  consistent  with  themselves, 
throughout ;  which  can  hardly  be  said  of  any  others,  with 
which  we  are  acquainted.  Indeed  much  reflection  on 
the  subject,  for  many  years  past,  has  satisfied  us,  that, 
these  combinations  can  be  rationally  explained,  only 
in  some  such  manner  as  we  have  supposed.  Any  length¬ 
ened  argument,  however,  on  the  subject  here,  would  be 
quite  out  of  place  ;  wTe  shall  therefore  confine  ourselves  to 
the  following  observations. 

1.  The  above  view  of  the  molecular  constitution  of 
bodies,  naturally  suggests  the  question :  do  the  sub-mole¬ 
cules,  which  we  suppose  to  unite  together  cohesively,  and 
form  the  self-repulsive  molecule,  of  oxygen  and  hydrogen 
for  instance,  possess  the  same  properties  as  those  of  oxy¬ 
gen  and  hydrogen  ?  or  do  they  possess  different  properties  ? 
These  questions,  in  most  instances,  cannot,  in  the  present 
state  of  our  knowledge,  be  satisfactorily  answered ;  though 
there  is  every  reason  to  believe  that  the  properties,  both 
of  the  sub-molecule,  and  of  the  super-molecule,  generally 
differ  from  the  properties  of  the  molecule  itself ;  but  that 
the  differences  are  rather  of  a  specific,  than  of  a  generic 
character.!  Thus  chemists  have  shown  that  different 


*  The  chemical  reader  will  observe  that  the  above  constitution  of  the 
oxalic  acid  crystal  is  given  for  illustration  only.  The  actual  molecular 
constitution  of  this  crystal  may  be,  and  probably  is,  very  different. 

■f  As  already  stated,  what  we  term  the  sensible  properties  of  bodies 
are,  in  all  instances,  the  result  of  a  great  number  of  molecules  acting 
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volumes  of  the  same  gaseous  body,  termed  carburetted 
hydrogen ,  combine  together,  and  form  various  compounds : 
we  have,  for  example,  a  gas,  one  volume  of  which  contains 
two  volumes  of  carburetted  hydrogen ;  another,  one 
volume  of  which  contains  three,  and  another  four,  of  the 
same  gaseous  body.  Now  the  sensible  properties  of  all 
these  compounds,  though  resembling  each  other  in  some 
respects,  are  yet  specifically  different ;  and  since  the  com¬ 
pounds  are  all  composed  of  the  gaseous  body  in  different 
proportions ;  these  differences  mnst  be  considered  rather 
as  the  result  of  cohesive,  than  of  chemical,  union.  Thus 
the  supposition,  that  both  the  sub-molecules,  and  the  super¬ 
molecules  of  bodies,  may  possess  properties  different  from 
one  another,  and  from  the  standard  molecule,  is  rendered 
exceedingly  probable  by  the  above  facts  ;  and  if  our  space 
admitted,  it  would  not  perhaps  be  difficult  to  bring  forward 
other  facts  of  the  same  kind.  This  however  would  be 
foreign  to  our  purpose  ;  we  shall  only  remark,  that  a 
great  many  curious  circumstances,  at  present  but  very 
imperfectly  understood,  evidently  appear  to  be  referable 
to  a  similar  principle. 

2.  Although  we  have  thus  rendered  it  probable,  that 
the  molecules  of  bodies  considered  at  present  as  elemen¬ 
tary,  are  immediately  compounded  of  many  others,  more 
or  less  resembling  them ;  yet  it  is  obvious,  that  there  must 
be  a  point  at  which  these,  and  other  elements,  exist  in  a 
primary  or  ultimate  form  ;  and  beyond  which,  if  the  ele¬ 
ments  can  be  supposed  to  be  subdivided,  they  must  become 
something  altogether  different.  In  this  respect,  therefore, 
the  views  we  have  advanced,  accord  generally  with  the 
views  at  present  entertained ;  and  the  only  respect  in 

together  at  the  same  time  ;  hence  below  a  certain  point,  mere  difference 
of  numbers  may  be  supposed  to  produce  a  change  in  sensible  properties , 
not  only  in  degree ,  but  in  kind. 
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which  our  views  differ,  is  in  supposing*,  that  the  self-repul¬ 
sive  molecule,  as  it  exists  in  the  gaseous  form,  does  not 
represent  the  ultimate  molecule ;  but  is  composed  of 
many  sub-molecules.  With  respect  to  the  nature  of 
the  sub  molecules  of  those  bodies,  which  we  at  pre¬ 
sent  consider  to  be  elements,  as,  for  instance,  of  oxygen  ; 
they  may  naturally  be  supposed  to  possess  the  most  intense 
properties,  or  polarities.  Indeed,  such  sub-molecules  may 
be  imagined  to  resemble  in  some  degree,  the  imponderable 
matters,  heat,  &c.,  not  only  by  their  extreme  tenuity,  but 
in  other  characters  also ;  and  this  very  intensity  of  pro¬ 
perty  and  character  may  be  reasonably  considered  as  one, 
if  not  the  principal  reason,  why  they  are  incapable  of  ex¬ 
isting  in  a  detached  form.  Lastly  ;  are  not  these  ultimate 
and  refined  forms  of  matter  extensively  employed  in  many 
of  the  operations  of  nature  ;  and  particularly  in  many  of 
the  processes  of  organization  ? 

3.  By  supposing  that  these  laws  of  combination  are  not 
confined  to  elementary  bodies,  but  extend  to  all  others 
throughout  nature  ;  and  that  bodies,  however  complicated 
they  may  be,  always  act  as  simple  molecules,  and  combine 
dually ,  with  reference  to  their  volume  in  the  gaseous 
state ;  we  are  enabled  in  some  degree,  to  explain  that 
endless  variety  of  property,  and  condition,  which  we  see 
around  us.  For  a  new  compound  molecule  formed  by  an 
assemblage  of  similar  molecules,  may  be  supposed  to  pos¬ 
sess  heterogeneous  properties,  and  be  capable  of  combining 
with  other  molecules  chemically ,  and  of  thus  entering  into 
a  long  and  novel  series  of  combinations :  while  these  com¬ 
binations  again  in  their  turn,  may  be  imagined  to  lead  to 
others  ;  and  so  on,  till  the  variety  becomes  extreme.  In¬ 
deed,  were  not  such  combinations  limited  by  the  very 
nature  of  things  themselves,  no  two  substances  would  pro¬ 
bably  possess  the  same  properties.  As  it  is,  most  of  these 
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compounds  are  incapable  of  separate  existence :  thus  the 
compound  super-molecules  of  water  in  the  crystal  of  oxalic 
acid  before  referred  to,  are  incapable  of  separate  exist¬ 
ence  :  if  they  could  exist  separately,  would  they  assume 
the  form  of  water? 

4.  It  might  not  be  difficult,  though  not  very  safe,  or 
prudent,  in  the  present  state  of  our  knowledge,  to  specu¬ 
late  on  the  crystalline  forms  assumed  by  different  bodies, 
with  reference  to  the  principles  we  have  advanced.  We 
shall  therefore  not  touch  upon  this  part  of  the  subject, 
further  than  by  observing,  that  the  cohesive  force  of  ho¬ 
mogeneity,  though  supposed  to  possess  some  peculiarity, 
as  existing  among  the  molecules  of  different  bodies ,  is  never¬ 
theless  essentially  but  of  one  kind.  When  therefore,  the 
molecules  of  different  bodies  are  of  the  same  size,  (or 
rather  of  the  same  weight,)  they  may  be  naturally  sup¬ 
posed  capable  of  associating  themselves  into  the  same 
form ;  and  if  these  molecules  happen  to  be  mixed  together, 
they  may  even  enter  indiscriminately  into  the  same  crystal. 
Hence  arises  what  has  been  termed  the  isomorphism  of 
bodies  ;  while  if  there  be  a  near  approximation,  but  not  an 
exact  coincidence  in  the  above  relations,  the  approximate 
relations  may,  on  the  same  grounds,  be  supposed  to  give 
origin  to  plesiomorphism ;  that  is  to  say,  to  a  near  approach 
to  a  similarity  of  form. 

5.  With  respect  to  the  nature  of  the  circumstances 
which  determine  the  characters,  and  modes  of  existence 
of  bodies,  we  know  very  little.  We  are  almost  equally 
ignorant  also,  of  the  nature  of  the  causes  which  determine 
the  cohesion  of  similar  molecules  into  the  crystalline  form. 
A  variety  of  arguments  might,  however,  be  brought  for¬ 
ward,  which  appear  to  show,  that  the  size,  and  shape,  of 
the  molecules,  have  a  great  deal  to  do  with  crystallization; 
certainly,  at  least,  the  molecules  must  be  supposed  to 
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liave  a  size,  and  shape,  somehow  or  other  adapted  for  the 
modes  in  which'  they  are  arranged  ;  otherwise  they  could 
not  be  capable  of  such  an  arrangement.  The  cause  of 
this  similarity  of  size,  and  shape,  is  unknown  ;  but  it  most 
probably  depends  upon  the  similarity  of  weight ,  ( Isoha - 
rism ),  of  the  molecule ;  that  is  to  say,  upon  the  relation 
or  identity  of  the  absolute  quantity  of  matter  which  the 
molecule  contains;  which  relation,  as  far  as  we  can  per¬ 
ceive,  is  not  only  the  sole  circumstance  common  to  the 
molecules  of  different  bodies  ;  but  that  which,  of  all  others, 
is  the  most  likely  to  produce  identity  in  the  size,  and 
shape,  of  these  molecules. 

6.  When  the  molecules  of  bodies  in  solution  do  not 
happen  to  possess  the  requisite  size  and  shape  for  cohesion, 
there  is,  from  the  phenomena,  reason  to  believe,  that  they 
occasionally  possess  the  power,  as  it  were,  of  making  up 
the  necessary  form,  by  attaching  to  themselves  the  mole¬ 
cules  of  other  bodies.  Now,  bodies  so  attached  may  be 
considered  as  acting  a  sort  of  complementary  part ;  that  is, 
these  attached  bodies  may  be  supposed  to  complete  the 
size,  or  figure,  of  the  molecule ;  so  as  to  adapt  it  for  com¬ 
bining  in  a  certain  manner.  Thus,  the  water  of  crystal¬ 
lization,  (and  perhaps  occasionally  other  matters),  appears 
in  the  greater  number  of  instances  to  perform  an  office  of 
this  kind  ;  and  to  be,  in  fact,  strictly  complementary  to 
that  particular  size,  and  figure,  of  the  molecules,  which 
may  be  supposed  to  be  requisite,  for  enabling  them,  not 
only  to  combine  the  more  readily  with  each  other  ;  but  at 
the  same  time,  to  form  a  symmetrical  solid,  or  crystal* 

*  There  is  every  reason  to  believe,  that  one  variety  of  isomorphism  is 
effected  on  the  principles  here  stated ;  and  that  the  molecules  of  dif¬ 
ferent  substances,  by  attracting  to  themselves  different  quantities  of 
water,  or  of  other  matters,  may  ultimately  make  up  compound  molecules, 
similar  to  those  of  the  bodies  with  which  they  may  happen  to  be  mixed. 
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One  or  two  other  circumstances,  connected  with  this 
part  of  our  subject,  will  be  better  understood,  after  we 
have  considered,  a  little  more  in  detail,  the  combinations 
of  bodies  with  reference  to  their  weights  ;  and  with  re¬ 
ference  to  the  absolute  quantity  of  matter,  they  con¬ 
tain.  To  this  most  interesting  inquiry,  therefore,  we 
shall  in  the  next  place  proceed,  confining  ourselves,  how¬ 
ever,  as  before,  chiefly  to  the  elements  of  water,  hydrogen 
and  oxygen. 

It  has  been  found  by  experiment,  that  the  same  volumes 
by  measure  of  different  bodies  in  the  gaseous  state,  have 
very  different  weights .  Thus,  for  instance,  a  volume  of 
oxygen  wreighs  sixteen  times  as  much,  as  the  same  volume 
of  hydrogen.  Hence,  as  the  number  of  self-repulsive 
molecules  in  each  of  these  gases,  is  presumed  to  be  the 
same ;  the  weight  of  the  self-repulsive  molecule  of  oxy¬ 
gen  must  of  course  be  sixteen  times  greater,  than  the 
weight  of  the  self-repulsive  molecule  of  hydrogen ;  and  as 
a  general  law : 

Fourth  law.  The  weights  of  the  self-repulsive  77iolecules  of 
all  bodies ,  are  as  the  specific  gravities  of  these  bodies  in  the 
gaseous  state ;  or  bear  certain  simple  relations  to  these  spe¬ 
cific  gravities. 

This  relation  in  weight  among  the  molecules  of  bodies, 
constitutes  the  basis  of  what  is  called,  the  Atomic  theory , 
proposed,  some  years  ago  by  Dr.  Dalton;  who  established 
the  very  important  fact,  that  bodies  do  not,  as  formerly 
supposed,  combine  at  random,  but  in  definite  proportions 
by  weight ;  and  if  the  preceding  doctrines  be  well 


The  molecules  of  extraneous  substances  may  thus  enter  into  crystalline 
forms  different  from  their  own  peculiar  forms.  Such  a  state  of  things 
is  calculated  to  baffle  the  mere  chemist,  however  expert ;  though  it  is 
probable,  that  if  carefully  examined  and  understood ;  an  intermixture  of 
this  kind  might  be  detected,  by  the  optical  properties  of  the  crystal. 
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founded,  it  is  evident  that  the  molecules  of  bodies  cannot 
combine  otherwise.*  Since  however  water  is  composed 
of  one  volume  of  oxygen,  united  with  two  volumes  of 
hydrogen,  the  relative  weights  of  the  hydrogen  and  the 
oxygen  in  water  will  be,  not  as  1  to  16,  but  as  1  to  8 
only;  while  the  weight  of  the  self-repulsive  molecule  of 
steam,  will  be  9.  Hence,  since  one,  or  the  other,  of 
the  elements  of  water,  is  usually  made  the  basis  of  the 
atomic  numbers,  this  difference  between  the  volumes  and 
the  combining  weights  of  these  two  elements,  has  pro¬ 
duced  considerable  confusion  ;  and  has  given  rise  to  much 
needless  discussion.  For  the  sake  of  mere  convenience, 
it  is  certainly  preferable  to  consider  the  twTo  volumes  of 
hydrogen,  as  one  atom ,  (to  use  the  language  of  Dr. 
Dalton) ;  in  which  case,  oxygen  will  be  8,  and  water  9  ; 
but,  supposing  the  principles  we  have  advanced  be  well 
founded,  a  strictly  philosophical  arrangement  would  re¬ 
quire,  that  the  volume  in  all  instances  should  he  made  the 
molecular  unit ;  in  wdiich  case,  the  relative  weights  of 
the  self-repulsive  molecules  of  hydrogen  and  oxygen,  as 
above  mentioned,  wall  be  as  1  to  16. 

In  this  country,  we  have  already  said,  two  volumes  of 
hydrogen,  are  usually  considered  as  one  atom ,  or  unity, 
in  which  case,  oxygen  is  8;  but  some  have  chosen  instead 
of  hydrogen,  to  make  oxygen  unity,  or  10;  in  which 
case,  hydrogen,  of  course,  will  be  the  one-eightli  of  1,  or 
of  10;  that  is  to  say,  *125  or  1*25;  and  water,  instead 
of  9,  will  be  1*125,  or  11*25.  It  matters  not  which  of 
these  series  of  numbers,  or  whether  any  other  series  be 
employed,  provided  that  the  same  relative  proportions  be 


*  The  reader  is  referred  to  ts  An  Introduction  to  the  Atomic 
Theory,”  published  by  Dr.  Daubeny,  Professor  of  Chemistry,  at  Oxford  ; 
for  an  interesting  and  able  inquiry  into  the  principles  of  this  theory. 
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observed  among  them  ;  but  the  first  series  is  that  most 
generally  adopted,  and  is  upon  the  whole,  the  most  con¬ 
venient.  In  the  above  manner,  the  atomic  weights ,  as 
they  are  termed,  of  all  bodies  capable  of  assuming  the 
gaseous  form,  can  be  easily  obtained ;  but  in  those  bo¬ 
dies  which  do  not  assume  the  gaseous  form  in  their 
simple  state,  but  in  some  state  of  combination  only,  we 
are  obliged  to  deduce  the  weight  of  the  primary  molecule, 
from  that  of  the  compound.  Thus  carbon,  in  its  ele¬ 
mentary  state,  is  incapable  of  assuming  the  gaseous  form; 
but  when  combined  with  oxygen,  the  result  is  carbonic  acid 
gas  ;  one  volume  of  which  gas,  weighs  22  times  as  much,  as 
our  standard  two  volumes  of  hydrogen.  Now  it  has 
been  found  by  other  experiments,  that  of  these  22  parts, 
16  are  oxygen.  The  remaining  6  parts  must,  therefore, 
be  carbon ;  and  accordingly  6,  is  the  number  upon  our 
scale  representing  carbon ;  and  the  proportion,  with  re¬ 
ference  to  which,  this  body  always  enters  into  compo¬ 
sition. 

In  the  case  of  bodies,  as  for  instance  lime,  which  are 
incapable  of  assuming  a  gaseous  form,  either  alone,  or  in 
combination,  we  are  obliged  to  trust  solely  to  analysis ; 
thus  common  marble  or  carbonate  of  lime ,  as  it  is  termed 
by  chemists,  is  found  to  be  composed  of  22  parts  of  car¬ 
bonic  acid,  and  28  parts  of  lime ;  28  therefore  repre¬ 
sents  upon  our  scale,  the  atomic  weight  of  lime :  and  so 
of  all  others. 

It  may  be  observed,  that  we  have  spoken  as  if  the 
atomic  weights  of  bodies,  were  related  to  one  another  by 
multiple  ;  and  were  all  multiples  of  some  common  unit. 
Now  this  opinion  has  been  maintained  by  some ;  while  it 
has  been  denied  by  others ;  who  admitting  that  multiples 
in  weight  are  necessary  to  the  union  of  similar  molecules, 
both  chemically  and  cohesively ,  will  not  admit,  that  mul- 
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tiples  in  weight  are  necessary  to  the  union  of  dissimilar 
molecules.  The  matter  is  one  which,  in  the  present  imper¬ 
fect  state  of  chemistry,  can  hardly  be  determined  by  ex¬ 
periment  ;  for  what  with  the  difficulty,  or  rather  impos¬ 
sibility,  of  procuring  bodies  in  a  perfectly  isolated  form, 
and  the  unavoidable  imperfections  of  all  chemical  pro¬ 
cesses  ;  we  can  scarcely  hope  to  approach  within  the 
necessary  limits  of  precision.*  If  the  above  views  of 
molecular  relations,  however,  be  well  founded,  it  seems 
almost  impossible  to  arrive  at  any  other  conclusion,  than 
that  the  combining  weights  of  all  bodies  are  intimately 
related  by  multiple  ;  though  to  enter  further  upon  the 
subject  here,  would  be  quite  foreign  to  our  present 
purpose. 

Finally,  it  may  be  remarked,  that  the  numbers  at 
present  conventionally  employed  by  chemists,  to  repre¬ 
sent  what  have  been  called  the  atomic  weights  of  bodies, 
are  so  convenient,  that  they  will  not  readily,  nor  indeed 
ought  lightly,  to  be  set  aside ;  though  there  is  reason  to 
believe  that  many  of  them  require  revision,  and  are  des¬ 
tined  to  undergo  material  alterations,  even  as  the  sub¬ 
ject  is  at  present  understood.  If  the  views  however 
which  we  have  advanced  be  correct,  these  numbers  cer¬ 
tainly  do  not  represent  nature  :  for  as  we  have  already 
stated,  a  strictly  philosophical  arrangement  can  be  ration¬ 
ally  founded,  only,  upon  the  volumes  of  bodies  in  the 
gaseous  state  ;  in  which  state  some  common  .volume  in  all 
instances,  should  be  considered  as  the  molecular  unity. 
Now,  seeing  that  in  most  instances,  this  molecular  unity 
appears  capable  of  subdivision  ;  of  course  the  number 

*  It  seems  to  be  now  generally  admitted  by  chemig.ts.  that  the  atomic 

»  * 

weights  of  hydrogen,  carbon,  oxygen,  and  azote,  the  four  elements  of 
which  all  organized  bodies  chiefly  consist,  are  1,  6,  .  8,  and  14,  respec¬ 
tively.  We  shall  recur  to  this  subject  in  the  third  Book. 
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made  to  represent  such  molecular  unity,  can  hardly  ever 
be  supposed  to  be  a  prime  number.  Hence,  as  combining 
molecules  of  bodies  exist  both  below  and  above  the  mole¬ 
cular  unity,  they,  often,  (perhaps  always), may  be  represented 
by  a  series.  Thus  suppose  9,  to  represent  the  molecular 
unity,  or  volume,  of  water ;  and  that  this  molecular  unity 
is  subdivided  into  three  (which  it  is  at  least,  and  probably 
into  a  much  greater  number) ;  the  molecular  combinations 
of  water  may  be  represented  by  the  series,  3,  6,  9,  12, 
15,  18,  &c.  We  mean  to  say,  the  molecules  of  water,  as 
they  actually  enter  into  combination  in  different  bodies, 
may  be  supposed  to  be  represented  by  these  numbers ; 
while,  by  way  of  distinction,  molecules  below  9,  may  be 
designated  generally  sz/5-molecules ;  molecules  above 
9,  super- molecules ;  and  the  molecular  unity  itself  may 
be  called  simply  the  molecule ;  or  in  the  gaseous  state,  the 
self-repulsive  molecule ;  distinctions,  which  for  the  sake  of 
convenience,  we  have  adhered  to  throughout  the  fore¬ 
going  chapters,  and  which  we  have  thought  it  thus 
necessary  to  explain.* 

*  The  above  terms  are  to  be  considered  as  a  temporary  expedient 
only.  If  the  views  ‘  now  offered  be  established,  it  will  not  perhaps  be 
difficult  to  devise  a  corresponding  notation  and  nomenclature.  For  some 
further  remarks  on. these  subjects,  the  reader  who  feels  an  interest  in 
them  is  referred  to  the  Appendix. 
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Section  III. 

Of  Chemical  Compounds  in  general. 

The  number  of  chemical  compounds  is  so  great  that  an 
attempt  to  enumerate  them  here  would  be  quite  out  of 
place :  we  shall  therefore  content  ourselves  with  stating 
as  briefly  as  possible  the  general  principles,  on  which  the 
laws  detailed  in  the  preceding  section  are  supposed  to 
control  the  formation  of  these  compounds. 

We  have  already  described  many  of  the  more  remark¬ 
able  compounds  when  treating  of  simple  bodies  ;  and  in 
subsequent  parts  of  this  volume  we  shall  have  occasion  to 
allude  to  others.  In  treating  of  simple  bodies,  we 
showed  that  by  far  the  greater  number  of  them  occur  in 
the  metallic  state ;  and  are  incapable  of  existence  upon 
the  surface  of  our  globe,  on  account  of  the  tendency  they 
possess  to  enter  into  combination,  particularly  with 
oxygen.  It  would  seem  also,  from  the  intensity  of  the 
properties  of  the  simple  bodies,  and  their  general  incom¬ 
patibility  with  the  present  order  of  things;  that  com¬ 
pounds,  rather  than  simple  bodies,  were  the  objects  the 
Author  of  nature  had  in  view.  Hence  perhaps  we  are 
more  immediately  interested  in  the  character  of  the 
compounds,  than  in  that  of  the  elements  themselves. 

The  following  observations,  taken  chiefly  from  Dr. 
Thomson’s  work  on  chemistry,  will  serve  to  convey  to  the 
general  reader  some  idea  of  the  nature  of  these  com¬ 
pounds.* 

*  Dr.  Thomson’s  arrangement  is  so  convenient  for  our  purpose  that 
we  still  adhere  to  it.  This  arrangement  is  doubtless  open  to  many  objec¬ 
tions  ;  but  so  are  all  other  arrangements  we  have  seen.  A  perfectly 
philosophical  classification  of  chemical  compounds  is  yet  a  desideratum, 
and  we  fear  will  long  remain  so. 
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The  compounds  which  simple  bodies  form  with  one 
another,  are  either  primary,  or  secondary.  By  primary 
compounds,  are  usually  understood  those,  which  are  formed 
by  the  combination  of  two  or  more  simple  bodies  with 
each  other ;  wdiile  by  secondary  compounds,  are  meant 
the  compounds  formed  by  the  union  of  the  primary  com¬ 
pounds  with  each  other. 

The  primary  compounds  naturally  divide  themselves 
into  three  great  classes ;  viz.  acids ;  alkalies ,  or  bases  ; 
and  neutrals ;  each  of  wdiich  classes  we  shall  consider 
separately. 

Of  Acids.  Formerly  it  was  deemed  requisite,  that 
bodies,  belonging  to  the  class  of  acids,  should  have 
a  sour  taste,  should  be  soluble  in  water,  and  should 
have  the.  property  of  reddening  vegetable  blue  co¬ 
lours  ;  and  these  properties  do  indeed  belong  to 
some  of  the  most  common  and  powerful  acids.  But 
there  are  various  acids  wdiich  have  no  taste ;  which 
are  not  soluble  in  water;  and  some,  which  are  incapable 
of  altering  the  colour  of  the  most  delicate  vegetable 
blues :  hence  the  term  acid ,  as  at  present  employed  by 
chemists,  is  understood  to  denote  a  substance  wdiich  has 
the  property  of  combining  with,  and  neutralizing,  alkalies 
or  bases.  The  celebrated  Lavoisier  endeavoured  to  prove, 
that  oxygen  constitutes  an  essential  ingredient  of  all  the 
acids ;  but  later  observations  have  shown,  as  already 
stated,  that  not  only  oxygen,  but  also  the  analogous  prin¬ 
ciples,  chlorine,  bromine,  iodine,  and  fluorine,  are  capable 
of  forming  acids,  by  uniting  with  several  of  the  acidifiable 
bases.  Still  more  recently,  certain  primary  compounds, 
as  of  cyanogen  for  instance,  (a  primary  compound  of  carbon 
and  azote),  also  of  sulfur,  of  selenium,  and  of  tellurium, 
with  the  acidifiable  bases,  have  been  ranked  among  the 
'acids ;  so  that  the  acids  at  present  known,  may  be 
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divided  into  at  least  nine  classes,  viz.  oxygen  acids ,  chlo¬ 
rine  acids ,  bromine  acids ,  iodine  acids ,  fluorine  acids , 
cyanogen  acids ,  sulfur  acids ,  selenium  acids ,  and  tellurium 
acids . 

The  oxygen  acids  are  more  numerous,  and  better  under¬ 
stood,  in  general,  than  the  other  classes  of  acids :  they 
may  be  subdivided  into  two  kinds ;  those  with  a  single 
base;  and  those  with  a  compound  base.  The  oxygen 
acids  with  a  single  base,  amount  to  between  thirty  and 
forty,  and  include  most  of  the  best  known  and  most  im¬ 
portant  of  the  acids  used  in  chemical  processes,  and  in  the 
arts  ;  such  as  carbonic  acid ,  sidfuric  acid ,  phosphoric  acid , 
nitric  acid ,  Sgc.  The  oxygen  acids  with  a  compound  base 
are  chiefly  derived  from  the  vegetable  or  animal  kingdoms; 
they  are  still  more  numerous  than  the  acids  with  a  single 
base,  the  number  at  present  known  amounting  to  up¬ 
wards  of  sixty ;  as  instances  may  be  mentioned  the  tar¬ 
taric  acid ,  the  citric  acid ,  the  malic  acid ,  the  lithic 
acid ,  &c. 

The  chlorine  acids  are  perhaps  as  numerous  as  the 
acids  with  a  single  base,  containing  oxygen ;  but  they 
have  been  less  studied,  and  are,  consequently,  much  less 
understood.  One  of  the  most  familiarly  known  belonging 
to  this  class,  is  the  muriatic  or  hydrochloric  acid ;  which  is 
composed  of  chlorine,  united  with  hydrogen  :  and  here  we 
mayagain  point  out  the  remarkable  circumstance,  beforeno- 
ticed,  that  not  only  chlorine,  but  all  the  other  allied  princi¬ 
ples,  when  they  combine  with  hydrogen,  form  powerful 
acids ;  while  the  compound  of  oxygen  with  hydrogen, 
is  water ;  a  substance  altogether  dissimilar.  Such  is  the 
wonderful  and  inexplicable  nature  of  chemical  combina¬ 
tions  ! 

The  acids  containing  bromine ,  iodine ,  and  fluorine,  are 
still  less  satisfactorily  known,  than  those  containing  chlo¬ 
rine.  As  just  now  observed,  the  acids  formed  by  these 
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different  elements  with  hydrogen,  viz.  the  hydrobromic ,  the 
hydroiodic,  and  the  hydrofluoric  acids ,  possess  the  most 
decided  properties,  and  are  best  understood. 

The  cyanogen  acids  are  numerous  and  remarkable,  as 
most  of  them  are  poisonous;  thus  the  compound  of 
cyanogen  and  hydrogen,  (analogous  to  the  compounds 
last  mentioned,)  is  the  hydrocyanic  or  prussic  acid;  one 
of  the  most  virulent  poisons  in  nature,  and  instantly 
fatal  to  organic  life  in  every  form. 

Of  the  remaining  acids,  the  sulfur  acids ,  the  selenium 
acids ,  and  the  tellurium  acids ,  we  know  very  little.  The 
acids  from  these  bases  with  which  we  are  at  present  best 
acquainted,  are  analogous  to  the  preceding  acids ;  and  are 
formed  by  the  union  of  sulfur ,  selenium ,  and  tellurium. 
These  acids  were  formerly  known  under  the  names  of  sul¬ 
fur  etted,  seleniated ,  and  tellur etted  hydrogen ;  but  some 
chemists  have  now  given  them  new  names,  conformably 
to  the  nomenclature  adopted  for  the  acids  mentioned  in 
the  preceding  paragraphs. 

Of  Alkalies  and  Bases.  Bodies  of  the  class  of  alkalies , 
are,  as  we  have  seen,  like  the  acids,  composed  of  different 
elements,  and  particularly  of  certain  metals  combined 
with  oxygen,  chlorine,  &c.,  in  less  proportion  for  the  most 
part  than  in  the  acids.  Hence  the  alkaline  bases  are  as 
numerous  as  the  acids ;  and  the  alkalies  may,  in  a  similar 
manner,  be  divided  into  oxygen  alkalies ,  chlorine  alkalies , 
&c.  Of  all  alkalies,  the  oxygen  alkalies  are  by  far  the  best 
known,  and  most  interesting  ;  and  they  may,  like  the  oxy¬ 
gen  acids,  be  subdivided  into  two  kinds :  viz.  those  with  a 
single  base,  and  those  with  a  compound  base.  The  oxygen 
alkalies  with  a  single  base,  include  all  the  well-known 
common  alkaline  bodies,  potash ,  soda ,  lime ,  baryta ,  &c. ; 
while  the  oxygen  alkalies  with  a  compound  base,  are 
chiefly  from  the  vegetable  kingdom ;  and  comprehend  the 
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newly-discovered  alkaline  matters,  so  successfully  intro¬ 
duced  into  medicine ;  sucli  as  quinine ,  from  bark,  morphine , 
from  opium,  & c.#  Ammonia ,  or  tlie  volatile  alkali ,  may 
perhaps  be  referred  to  this  class  of  alkalies ;  though  its 
composition,  of  hydrogen  and  azote  only,  without  oxy¬ 
gen,  may  be  considered  as  constituting  an  exception  or 
anomaly. 

The  other  alkaline  bodies  into  which  chlorine ,  iodine , 
&c.,  enter,  are  little  known ;  and  some,  perhaps,  may  be 
even  inclined  to  doubt  their  existence. 

Of  neutral  Compounds.  Neutral  compounds  are  ar¬ 
ranged  by  Dr.  Thomson  under  seven  heads,  the  mere 
naming  of  which,  will  probably  be  all  that  is  required  to 
convey  to  the  general  reader  a  sufficient  notion  of  their 
nature.  These  compounds  are  water ,  spirits  or  alcohol , 
ether ,  ethal,  (a  peculiar  oily  substance  obtained  from  sper¬ 
maceti)  volatile  oils ,  fixed  oils ,  and  bitumens. 

Such  is  a  condensed  statement  of  primary  compounds, 
and  of  the  principles  on  which  they  have  been  arranged. 
We  come  now  to  consider  briefly, 

The  secondary  compounds  ;  or  the  compounds  formed 
by  the  union  of  the  primary  compounds.  As  the  neutral 
primary  compounds,  (if  we  except  water,)  enter  into  few 
combinations,  it  is  obvious  that  the  secondary  compounds 
must  consist  chiefly  of  substances  formed  by  the  union  of 
the  other  two  general  classes  of  bodies;  namely,  of  acids 
and  alkalies.  These  secondary  compounds  are  usually 
denominated  salts  ;  they  constitute  a  very  numerous  and 
most  important  class  of  bodies ;  and,  as  resulting  from  the 
mutual  union,  and  saturation,  of  all  the  different  principles 

*  We  are  aware  that  the  composition  of  these  and  the  other  organic 
alkalies  has  been  viewed  in  a  different  light ;  and  perhaps  the  compo¬ 
sition  stated  does  not  represent  their  exact  nature,  which  seems  to  be 
yet  unknowm. 
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capable  of  combining  with  each  other,  they  of  course  are 
more  abundant  than  any  other  bodies  ;  indeed,  the  surface 
of  our  globe  may,  in  a  great  measure,  be  considered  as 
made  up  of  secondary  compounds.  The  term  salt  was 
originally  confined  to  common  salt ;  but  by  a  singular  fate, 
this  body,  because  it  is  composed  merely  of  chlorine  and 
sodium,  is  now  excluded  from  the  class  of  salts :  salts 
being,  as  we  have  just  now  said,  considered  by  chemists, 
to  be  formed,  only,  by  the  union  of  acids  and  alkalies.  As 
there  are  nine  classes  of  acids,  there  must  consequently  be 
as  many  classes  of  salts ;  of  these,  the  oxygen  acid  salts  are 
by  far  the  best  known,  and  the  most  valuable  ;  and, 
indeed,  this  class  includes  the  greater  number  of  those 
salts  employed  by  chemists,  or  in  the  arts.  If  the  salts 
be  arranged  according  to  their  bases,  which  perhaps  on 
the  whole,  in  the  present  state  of  our  knowledge,  is  the 
best  mode  of  arranging  them,  they  will  be  found  to  con¬ 
stitute  upwards  of  fifty  genera ;  and  if  we  consider  that 
each  of  these  genera  includes,  in  most  cases,  a  great  num¬ 
ber  of  species ;  we  may  form  some  idea  of  the  wonderful 
variety  of  compound  substances  existing  in  nature ;  and 
with  the  properties  of  which,  the  chemist  is  required  to 
be  conversant.  Familiar  instances  of  the  oxygen  acid 
salts  are,  nitre ,  common  chalk ,  gypsum  ;  various  metallic 
salts,  as  the  white ,  green ,  and  blue  vitriols ,  &c.  &c. 

Of  the  chlorine ,  and  the  other  classes  of  salts ,  very  little 
is  known,  and  this  little  is  chiefly  confined  to  the  salts 
composed  of  these  elements  with  hydrogen.  The  hydro¬ 
chloric  or  muriatic  acid  combines  with  ammonia,  and  forms 
the  familiar  compound  sal-ammoniac ,  a  salt  supposed 
to  be  a  true  hydrochlorate ,  or  muriate.  But  this  is  almost 
the  only  case  existing ;  and  in  analogous  substances,  the 
hydrogen  of  the  hydrochloric  acid,  and  the  oxygen  of  the 
base,  unite  to  form  water,  which  is  generally  separated,  or 
separable  ;  and  thus  the  chlorine  and  the  metallic  base  are 
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left  in  union  by  themselves,  in  the  state  of  a  chloride. 
Such  is  the  case,  for  instance,  with  common  salt ;  which,  as 
we  before  said,  is  in  reality  a  chloride  of  sodium  ;  that  is 
to  say,  a  simple  compound  of  chlorine  and  the  metal 
sodium.  Similar  remarks  appear  to  be  applicable  to  the 
most  of  the  other  analogous  compounds. 

What  has  now  been  said  will  serve  to  convey  to  ordinary 
readers  a  general  notion  of  chemical  combinations.  In 
the  present  work,  more  cannot  be  attempted;  and  those 
who  wish  for  further  information  are  referred  to  treatises 
professedly  written  on  chemical  subjects. 


Section  IV. 

Of  the  motions  of  imponderable  and  ponderable  Molecules  ; 

with  some  conjectures  on  the  nature  and  relations  of 

Homogeneous  and  Heterogeneous  Phenomena. 

We  have  reserved  for  this  place  a  few  remarks  on  the 
extent  and  velocity  of  molecular  motions;  as  well  as 
some  conjectures  on  the  relations  of  molecular  phenomena 
to  one  another. 

The  motions  of  imponderable  and  ponderable  mole- 
cules  may  be  considered  under  two  heads :  viz.  the 
distance  moved  by ,  and  the  velocity  of  motion  of  individual 
molecules ;  and  the  distance  moved  by,  and  the  velocity  of 
motion  of  aggregated  molecules. 

As  an  instance  of  the  minute  space  moved  over  by  indi¬ 
vidual  molecules  (or  undulce)  and  the  extreme  velocity  of  their 
motions,  we  may  briefly  notice  themolecular  motionsproduc- 
ing  the  phenomena  of  light.  And  here  it  maybe  remarked 
that  the  spaces  and  velocities  we  shall  state  have  a  real 
existence,  and  were  deduced  by  Newton  from  actual  ad¬ 
measurements.  They  involve,  therefore,  nothing  hypothe- 
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tical  but  the  names  assigned  to  them  by  different  philoso¬ 
phers;  and  consequently  are  not  affected  by  any  theory  of 
light  we  may  choose  to  adopt :  in  other  words,  if  we  adopt 
Newtons  theory  of  light,  the  spaces  and  numbers  to  be 
stated  denote  the  distances  between  the  alternate  presenta¬ 
tions  of  the  two  poles  of  the  molecules  of  which  Newton 
supposed  light  to  consist,  and  the  number  of  times  in  a 
second  these  poles  are  alternately  presented  in  the  same 
direction .  Or  if  we  adopt  the  undular  theory  of  light, 
the  spaces  and  numbers  mentioned  denote  the  length 
or  distance  of  each  undula  or  wTave  in  advance  of  the  pre¬ 
ceding  wave ;  and  the  number  of  times  in  a  second  which 
it  vibrates  at  right  angles  to  the  direetion  of  the  ray. 

The  number  of  molecular  motions  in  a  given  time, 
as  well  as  the  space  the  molecules  travelled  over, 
were  found  by  Newton  to  vary  with  the  colour  of 
the  light.  In  the  extreme  red  ray  of  the  solar 
spectrum  the  extent  of  each  molecular  motion  was 
*0000266  inch,  and  the  number  of  such  motions  in  a 
second  were  458  millions  of  millions;  while  in  the  extreme 
violet  of  the  solar  spectrum  the  extent  of  each  molecular 
motion  was  *0000167  inch  ;  and  the  number  of  such  mo¬ 
tions  in  a  second  were  no  less  than  727  millions  of  millions. 
In  the  intermediate  colours  of  the  spectrum,  the  distances 
and  numbers  lay  between  these  two  extremes.  Of  such 
distances  and  numbers  we  can  form  no  conception ; 
yet  minute  as  they  are,  we  cannot  doubt  that  the  distances 
stated  represent  the  virtual  influences  of  the  moving  mole¬ 
cules,  rather  than  the  real  magnitude  of  the  molecules 
themselves ;  i.  e.  the  real  magnitude  of  the  mole¬ 
cules  must  bear  the  same  relation  to  the  spaces  they 
travel  over,  as  the  ball  of  a  pendulum  bears  to  its  arc  of 
vibration ;  or  as  the  molecules  of  water  in  an  aqueous 
wave  bear  to  the  distance  between  two  consecutive  waves. 
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Among  other  instances  of  the  wonderful  relations  of 
molecular  phenomena  to  space  and  time,  we  may  notice 
the  phenomena  of  chemical  combination  and  separation. 
To  the  molecular  operations  of  chemistry  we  cannot 
indeed  apply  actual  admeasurement,  as  in  the  instance  of 
light;  but  the  following  brief  recapitulation  may  serve 
to  convey  a  faint  idea  of  their  general  nature,  and  of 
their  wonderful  character. 

We  have  seen  that  the  minutest  particle  of  matter 
consists  of  myriads  of  molecules ;  that  each  of  these 
molecules,  besides  certain  properties  in  common,  possesses 
likewise  certain  properties  peculiar  to  the  original  particle 
of  matter ;  that  these  peculiar  properties  of  different 
molecules  determine  their  absolute  and  bodily  union  with, 
or  separation  from,  other  molecules ;  that  all  these  count¬ 
less  unions  and  separations  take  place  without  the  least 
confusion,  and  with  a  precision  precluding  error,  in  a 
space ,  and  in  a  time  not  only  too  minute  to  be  estimated, 
but  even  conceived.  We  have  dwelt  on  all  these  and 
other  things  equally  wonderful ;  and  in  restating  them  here 
we  purposely  make  one  more  attempt  to  convey  an  idea 
of  the  inscrutable  relations,  the  phenomena  incessantly 
going  on  within  and  around  us,  and  necessary  not  only 
to  our  own  existence,  but  to  the  existence  of  the  universe, 
bear  to  time  and  space. 

As  an  instance  of  the  distance  moved ,  and  the  velocity 
of  motion  of  numerous  aggregated  molecules ,  we  shall  again 
select  light  for  illustration. 

Light  radiates  or  moves  in  straight  lines  with  such 
astonishing  velocity,  that  it  occupies  only  about  eight 
minutes  in  travelling  from  the  sun  to  the  earth ;  so  that  it 
must  move  at  the  rate  of  nearly  200,000  miles  in  a  second ! 
At  the  same  rate,  light  would  occupy  about  four  hours  to 
travel  to  us  from  the  planet  Uranus,  the  present  ultima 
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Thule  of  our  system :  hence  if  this  planet  were  at  any 
given  instant  suddenly  annihilated,  we  should  not  miss  it 
for  four  hours  afterwards;  and  when  we  look  at  the  planet 
we  do  not  see  it  where  it  actually  is  at  this  instant,  but 
where  it  was  four  hours  previously.  A  cannon-ball  when 
first  shot  from  the  cannon  moves  with  a  velocity  of  between 
2,000  and  3,000  feet  per  second;  supposing  therefore 
the  cannon-ball  could  retain  its  initial  velocity,  it  would 
scarcely  move  in  a  year,  as  far  as  light  moves  in  a 
second  !  The  utmost  velocities  of  the  earth  and  other 
planets  in  their  orbits  or  on  their  axes,  scarcely  exceed 
30  or  40  miles  in  a  second.  Hence  the  utmost  velocity 
we  are  acquainted  with,  as  possessed  by  ordinary  matter, 
and  therefore  the  utmost  perhaps  of  which  ponderable 
matter  is  capable,  amounts  to  only  the  1 -5000th  or 
l-6000th  of  the  velocity  of  light. 

The  exact  velocity  of  the  other  imponderable  bodies, 
as  of  radiant  heat,  electricity,  &c.,  is  not  known.  In  the 
preceding  remarks  we  have  followed  the  usual  opinion, 
and  considered  the  velocity  of  heat  to  be  similar  to  that 
of  light.  The  velocity  of  the  electric  fluid  has  been  sup¬ 
posed  to  be  fully  equal,  if  not  greater,  than  the  velocity  of 
light. 

These  striking  facts  are  mentioned  not  only  with  the 
view  of  conveying  some  notion  of  the  wonderful  velocity 
with  which  space  is  in  every  direction  penetrated  by  light 
and  heat,  but  of  the  immensity  of  space.  These  facts 
seem  also  to  show  that  the  matter  of  which  light  and  heat 
are  composed  must  exist  in  a  state  of  tenuity  totally 
different  from  that  of  ponderable  matter,  which  actually 
seems  incapable  of  such  velocity.* 

It  may  be  proper  to  mention  that  the  distances  travelled 

*  Pouillet,  Elemens  de  Physique  et  de  Meteorologie,  tom.  ii.  p.  216. 
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over  by  imponderable  molecules  are  solely  due  to  the 
incessant  flow  of  numerous  molecules  or  waves,  which 
from  their  intense  state  of  mutual  repulsion,  urge  on  one 
another  with  the  velocity  above  stated.  We  have 
described  the  motions  of  individual  molecules  or  waves  in 
a  previous  paragraph ;  and  we  may  here  remark  that  a 
single  pair  of  molecules,  or  a  single  undular  impulse,  how¬ 
ever  intense  their  initial  repulsive  energy,  would  not 
probably  travel  beyond  a  very  small  distance. 


In  the  brief  survey  now  to  be  taken  of  the  general 
nature  and  relations  of  molecular  phenomena,  after 
noticing  some  of  the  opinions  at  present  entertained 
on  these  subjects,  we  shall  attempt  to  point  out  a  few  of 
the  more  obvious  analogies  and  relations  existing  among 
these  phenomena,  in  the  different  orders  of  imponderable 
and  ponderable  molecules. 

Of  the  intimate  nature  of  light  and  heat,  electricity  and 
magnetism,  homogeneous  and  heterogeneous  attraction  and 
repulsion,  and  of  their  relations  to  each  other,  we  have 
already  confessed  our  comparative  ignorance.  Nor  has 
any  hypothesis  or  theory  been  yet  framed  sufficiently 
comprehensive  to  include  all  the  phenomena  of  these  dif¬ 
ferent  branches  of  knowledge,  so  as  to  give  them  consis¬ 
tency,  and  to  explain  their  analogies  and  relations.  The 
undular  theory  of  light,  and  the  molecular  theory  of 
Mossotti,  as  formerly  mentioned,  include  certain  groups 
of  phenomena  only,  and  are  quite  inapplicable  to  others. 
The  phenomena  of  light  and  heat,  for  instance,  cannot  be 
explained  by  Mossotti’s  theory  :  nor  is  the  undular  theory 
of  light  and  heat  applicable  to  the  phenomena  of  electricity 
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and  magnetism,  much  less  of  chemistry.  The  necessary 
conclusion  is,  that  these  theories  are  imperfect  at  the 
least,  and  that  their  adoption,  by  circumscribing  our 
powers  of  investigation,  or  by  misdirecting  them,  is 
more  likely  to  retard  than  to  assist  the  progress  of  dis¬ 
covery. 

Of  the  relations  of  Light  and  Heat.  Light  and  heat  are 
so  associated  that  when  the  one  exists  in  certain  intensity 
we  usually  expect  to  find  the  other.  This  constant  associa¬ 
tion  of  light  and  heat  have  long  since  led  to  the  notion 
that  they  are  in  some  way  related  ;  and  a  further  inquiry 
into  thier  phenomena,  not  only  strengthens  this  opinion, 
but  seems  to  point  to  the  nature  of  the  relationship 
between  light  and  heat. 

If  we  judge  of  light  and  heat  by  their  effects,  heat 
appears  to  be  by  far  the  most  energetic  of  the  twro 
agencies.  The  energies  of  heat  also  are  of  a  remarkably 
divellent  character,  and  are  exerted  in  expanding,  separat¬ 
ing,  and  dispersing  bodies.  On  the  other  hand,  the  ener 
gies  of  light  have  no  such  striking  divellent  effects.  In¬ 
deed,  apart  from  the  heat  which  usually,  perhaps  always, 
accompanies  it,  light  is  scarcely  known  to  exert  divellent 
force  of  any  kind.  On  the  contrary,  light  appears  rather  to 
favour  the  union  of  bodies  than  their  separation.  Plants 
for  instance,  as  well  as  other  organic  bodies,  grow,  and 
become  increased  in  bulk  under  the  influence  of  light ; 
and  even  many  inorganic  bodies,  so  far  from  being 
destroyed  by  light,  as  they  would  by  heat,  have  their  pro¬ 
perties  exalted  by  solar  influence.  We  admit  that  in 
many  of  these  cases  it  is  difficult  to  state  how  much  is  due 
to  light  and  how  much  to  heat,  yet  the  broad  fact  for 
which  alone  we  at  present  contend,  that  heat  in  general 
exerts  divellent  energy,  while  light  does  not,  can  scarcely 
be  called  in  question. 
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Of  the  relations  of  Electricity  and  Magnetism.  When 
treating  of  electricity  and  magnetism  in  a  former  chapter, 
we  pointed  out  the  mutual  relations  of  their  energies. 
We  showed,  in  fact,  that  if  electricity  be  considered  to 
move  axially ,  magnetism  in  every  instance  circulates 
equatorially  or  centrifugally  round  such  axial  motion. 
As  compared  with  one  another,  the  axial  or  electrical 
energies  apparently  far  surpass  in  intensity  the  equatorial 
or  magnetic  energies ;  which  have  more  of  a  secondary  or 
resultant  character,  than  the  axial  or  electrical  motions. 

Of  the  relations  of  heterogeneous  and  homogeneous  Forces 
to  Electricity  and  Magnetism ,  and  to  each  other.  We 
have  already  alluded  to  the  opinion  now  generally  en¬ 
tertained  among  chemists,  that  the  electrical  energies  are 
the  cause  of  chemical  phenomena ;  and  we  at  the  same 
time  stated,  that  instead  of  bearing  the  relation  of  cause 
and  effect,  the  phenomena  of  electricity  and  chemistry  ap¬ 
pear  rather  to  be  only  different  expressions  for  the  same 
thing.  We  shall  now  resume  this  question. 

The  terms  cause  and  effect  usually  imply  priority  and  sub¬ 
ordinacy;  i.e.  the  cause  precedes,  or  at  the  utmost  moves  pan 
passu ,  but  never  can  bo  preceded  by,  or  substituted  for,  the 
effect.  Now,  if  we  apply  this  rule  to  electrical  and  chemical 
phenomena,  we  find  that  electrical  phenomena  produce  che¬ 
mical  changes ;  and  vice  versa ,  chemical  changes  produce 
electrical  phenomena — facts  apparently  precluding  the 
notion  of  cause  and  effect  between  these  two  orders  of 
phenomena ;  and  rather  showing,  as  we  have  just  stated, 
that  electrical  and  chemical  phenomena  are  only  different 
expressions  for  the  same  thing ;  in  other  words,  that  the 
phenomena  of  electricity  and  of  heterogeneity  are  identi¬ 
cal.  But  it  will  be  asked,  if  electricity  represents  or  is 
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identical  with  heterogeneity,  what  does  magnetism,  the 
necessarily  concomitant  of  electricity,  represent  ?  There 
seems  to  be  but  one  answer  to  this  question,  viz.,  that 
the  phenomena  of  magnetism  represent,  or  are  identical 
with,  the  phenomena  of  homogeneity.  This  conclusion, 
not  at  first,  perhaps,  very  apparent,  demands  a  brief  con¬ 
sideration. 

On  reverting  to  Fig.  6  and  Fig.  7,  (page  80,)  it  will  be 
found  that  when  two  currents  of  electricity  are  made 
to  pass  through  two  contiguous  wires,  no  matter  of 
what  metal,  the  two  wires  will  attract  or  repel  each 
other  according  as  the  two  currents  of  electricity  move  in 
the  same,  or  in  opposite  directions  ;  exactly  as  two  mag¬ 
nets  would  do  under  similar  circumstances.  These  facts 
show  that  the  magnetic  energies  are  general,  and  inde¬ 
pendent  of  iron,  which  possesses  only  the  peculiarity  of 
retaining  and  displaying  their  phenomena.  The  esta¬ 
blishment  of  the  general  and  independent  characters  of 
the  magnetic  energies,  removes  a  great  obstacle  to  the 
opinion  we  are  now  endeavouring  to  illustrate ;  viz.  that 
the  energies  of  homogeneity  and  of  magnetism  are  iden¬ 
tical. 

The  various  figures  of  molecules  formerly  given,  (page  88,) 
may  be  again  referred  to  for  illustration.  We  must  now 
however  consider  these  molecules  in  motion ,  and  the  axes 
E  e  e  e  of  two  contiguous  molecules,  to  convey  electric 
currents  like  the  two  wires,  in  the  arrangement  described, 
(page  80.)  In  this  case,  the  points  m  m  M  m  on  the 
molecules  will  represent  the  equatorial  or  magnetic  cur¬ 
rents.  Now,  on  such  a  supposition,  if  the  electrical,  che¬ 
mical,  and  heterogeneous  energies  be  identical,  the  mag¬ 
netic  and  homogeneous  energies  must  be  also  identical ; 
and  the  only  way  in  which  two  molecules  can  combine 
chemically ,  is  at  the  extremities  of  their  axes  ;  in  other 
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words,  at  their  poles  ;  while  two  molecules  can  combine 
magnetically  (i.  e.  homogeneously)  at  every  other  point  of 
their  superficies,  as  well  as  at  their  equators.  With  re¬ 
gard  to  the  causes  of  homogeneous  and  heterogeneous 
union,  they  are  probably  to  be  sought  for  in  the  similarity 
and  dissimilarity  of  the  motions  of  different  molecules. 
Under  favourable  circumstances,  similar  molecules  all 
moving  alike,  may  be  supposed  to  combine  in  any  appro¬ 
priate  points  determined  by  the  figure  of  the  molecule ; 
while  dissimilar  molecules,  moving  differently,  may  be 
supposed  to  be  able  to  effect  a  combination  only  at  those 
points,  where  the  motions  of  the  molecules  are  the  least 
possible,  namely,  at  their  poles. 

The  nature  of  this  work  precludes  further  enlargement, 
but  what  has  been  stated  we  may  briefly  recapitulate  in  a 
connected  form. 

The  reader  will  bear  in  mind  that  the  forces  of  gravita¬ 
tion,  attraction  and  the  resultant  force  which  resists  attrac¬ 
tion,  act  as  if  they  were  associated,  and  resided  in  every 
individual  atom  of  matter  in  the  universe  ;  hence  every 
atom  mutually  attracts,  and  is  attracted  by  every  other 
atom.  The  polarizing  forces,  on  the  other  hand,  are 
evidently  disassociated,  and  reside  in  different  parts  of  the 
same  molecule  or  mass  ;  hence  this  molecule  or  mass,  can 
in  no  instance  be  a  mathematical  point ,  (or  atom  ?)  but 
must  consist  of  at  least  two  parts  :  hence  also  as  all  mat¬ 
ter  appears  to  possess  polarity,  matter  must  exist  in  the 
state  of  molecule  ;  each  of  which  molecules  must  occupy 
actual  space. 

Such  are  the  differences  between  the  forces  of  gravita¬ 
tion  and  the  forces  of  polarization ;  which  after  all  are 
.more  apparent  than  real :  the  forces  of  polarization  being 
merely  the  forces  of  gravitation  modified  by  the  molecular 
condition  of  matter.  We  mentioned  formerly  that  the 
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attractive  force  of  gravitation,  as  we  are  acquainted  with 
it ,  appears  to  represent  only  the  excess  of  the  amount  of  the 
centripetal  over  the  amount  of  the  resultant  centrifugal 
force  in  nature ;  and  the  conclusion  is,  that  the  attrac¬ 
tive  force  taken  per  se  and  as  it  really  exists,  must  be 
infinitely  greater  than  the  apparent  force  of  gravitation — 
indeed  so  great,  that  if  not  prevented  by  the  opposing 
centrifugal  force,  the  whole  of  the  matter  in  the  universe 
would  instantaneously  rush  together  into  one  mass.  Fur¬ 
ther,  as  the  resultant  centrifugal  force  of  molecules  in 
motion  on  their  axes,  is  the  least  possible,  or  0,  at  their 
poles  ;  the  smaller  the  molecules,  the  larger  the  ratio  the 
quiescent  poles,  bear  to  the  superficies  of  the  mole¬ 
cules.  It  follows,  therefore,  that  both  the  attractive  polar 
force,  and  the  resultant  centrifugal  force  will  increase  in  in¬ 
tensity  as  the  molecules  diminish  in  magnitude — facts 
which  appear  to  account  for  the  greater  intensities  of  action 
of  imponderable  molecules. 

From  what  has  been  said,  the  reader  will  doubtless 
anticipate  the  following  conclusions,  which  we  subjoin  as 
briefly  as  possible. 

First.  That  the  phenomena  of  light,  of  electricity,  and  of 
heterogeneity,  (admitted  to  be  the  same  as  the  phenomena 
of  chemistry,)  are  identical  in  their  character,  and  have 
reference  only  to  the  polar  attractive  force  of  molecules. 

Secondly.  That  the  phenomena  of  heat,  of  magnetism, 
and  of  homogeneity,  (i.  e.  of  cohesion  and  divuldon,)  are 
identical  in  their  character,  and  have  reference  only  to  the 
resultant  centrifugal  force  of  molecules. 


Thirdly.  That  the  apparent  differences  between  the 
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phenomena  of  light,  electricity,  and  chemistry;  and  the 
phenomena  of  heat,  magnetism,  and  cohesion ;  depend  on 
the  differences  in  magnitude  and  consequent  different 
intensities  of  action  among  molecules.  That  the  impon¬ 
derable  molecules,  from  their  minuteness  and  the  intensity 
with  which  they  act,  pervade  every  form  of  aggregation 
assumed  by  ponderable  molecules,  and  influence  (i.  e.  exalt 
or  depress,  as  the  case  may  be,)  the  natural  motions  of 
these  ponderable  molecules ;  and  that  thus  imponderable 
molecules  assume  the  character  of  subordinate  agents. 

Fourthly.  That  the  phenomena  of  electricity  and  galva¬ 
nism  (and  consequently  the  phenomena  of  chemistry)  de¬ 
pend  on  the  operations  of  ponderable  molecules  of  different 
magnitudes  and  intensifies  of  action.  That  the  phenomena 
of  electricity,  in  general,  result  from  the  operations  of  a 
more  minute,  and  consequently  more  intense,  order  of  mole¬ 
cules  than  the  phenomena  of  galvanism,  such  as  the  sub- 
moleculesof  which  we  formerly  showed  primary  elementary 
molecules  to  consist :  while  galvanic  phenomena,  though 
partly  depending  on  the  more  intense  order  of  molecules 
men  tioned,  result  chiefly  from  the  operations  of  the  common 
molecules  of  the  primary  elements.  The  same  remarks 
apply  in  a  certain  extent  to  the  co-ordinate  phenomena 
of  magnetism  and  homogeneity. 

Fifthly.  That  the  attractive  energies  of  light,  electricity, 
and  heterogeneity  are  one  and  the  same  ;  and  are  all  iden¬ 
tical  with  the  attractive  force  of  gravitation.  That  the  re¬ 
sultant  repulsive  energies  of  heat,  magnetism,  and  homo¬ 
geneity,  are  one  and  the  same  ;  and  are  all  identical  with  the 
centrifugal  force  of  gravitation.  That  the  apparent  polari¬ 
ties  of  light  and  heat,  electricity  and  magnetism  depend 
on  the  various  coincidencies  and  interferences  of  molecular 
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motions  with  one  another.  And  Lastly,  that  the  attractive 
phenomena  of  heterogeneity  and  homogeneity  are  regu¬ 
lated,  modified,  or  suspended,  chiefly  by  the  degree  or 
absence,  of  the  resultant  centrifugal  forces  of  the  impon¬ 
derable  molecules  producing  heat. 

The  foregoing  attempt  to  connect  physical  molecular 
phenomena  is  acknowledged  to  be  very  imperfect. 
Enough,  however,  has  been  said  to  draw  the  attention  of 
those  who  are  interested  in  the  subject.  Another  age 
will  follow  out  these  or  some  nearly  allied  principles ;  and 
the  physical  phenomena  of  the  microcosm  will  thus  be¬ 
come  as  much  a  matter  of  mathematical  inquiry  and  proof, 
as  the  physical  phenomena  of  the  macrocosm  or  universe 
now  are. 
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CHAPTER  X. 


GENERAL  REFLECTIONS  AND  ARGUMENTS  ON  THE  SUB¬ 
JECTS  TREATED  OF  IN  THE  PRECEDING  CHAPTERS. 

We  shall  now  conclude  the  present  Treatise  on 
Chemistry,  with  a  few  remarks,  more  especially  relating  to 
the  object  of  these  publications.  And  here  it  may  be 
observed,  once  for  all,  that  throughout  the  preceding 
pages,  as  well  as  in  what  follows,  we  have  endeavoured 
to  state  each  argument  as  distinctly  as  possible,  without 
encumbering  it  too  much  with  details — in  short,  to  illus¬ 
trate  principles,  rather  than  to  enumerate  particulars. 
When  the  principles  of  a  cumulative  argument  are 
understood,  the  details  are  readily  supplied  by  the 
reader. 

First.  On  taking  a  general  and  collective  review  of 
the  facts  brought  forward  in  this  Treatise;  the  cir¬ 
cumstances  calculated  to  strike  our  attention  in  the 
first  place,  are  the  wonderful  coincidence  between  the 
priority  of  existence,  and  the  universal  prevalence,  of  the 
primordial  agents  and  elements  of  nature,  on  the  one 
hand  ;  and  on  the  other  hand,  the  beautiful  adaptation  of 
the  agents  and  elements  of  a  later,  and  more  subordinate 


GENERAL  REFLECTIONS  AND  ARGUMENTS. 


165 


character,  to  these  primordial  agents  and  elements;  so 
that,  when  the  whole  are  taken  together,  they  constitute 
one  harmonious  and  connected  series,  in  which  all  the 
various  parts  are  mutually  adapted,  and  dependent.  In 
the  other  Treatises,  we  shall  have  occasion  to  notice 
many  of  the  more  important  of  these  subordinate 
arrangements ;  at  present,  we  shall  chiefly  confine  our¬ 
selves  to  a  general  review  of  what  has  been  detailed 
under  the  head  of  Chemistry. 

We  are  told  by  the  inspired  historian,  that  when  matter 
had  been  created,  and  endowed  with  motion,  the  next 
Almighty  fiat  was,  “  let  there  be  light and  if  we  suppose 
this  fiat  to  have  included  the  other  imponderable  form 
of  matter,  heat,  how  entirely  do  the  whole  pheno¬ 
mena  of  nature  accord  with  the  sacred  narrative  ?  Light, 
and  probably  its  attendant  heat,  are  the  most  generally 
diffused  and  universal  of  all  the  subordinate  agencies  ;  so 
much  so,  that  they  are  not  confined  to  our  globe,  or  even 
system,  but  extend  throughout  the  universe.  The  laws 
and  influences,  therefore,  of  light  and  heat,  seem  to  be 
as  general,  and  as  necessary  to  the  present  order  of 
things,  as  the  laws  and  influences  of  gravitation  itself. 
The  priority  of  existence  also,  of  light  and  of  heat,  is 
self-evident ;  for  until  light  and  heat  existed,  nothing  else? 
as  we  are  acquainted  with  things,  could  have  had  exist¬ 
ence.  Now,  all  subsequent  creations  have  been  called 
forth  with  the  most  exact  regard  to  the  influences  of  these 
prior  agencies.  The  globe,  for  example,  which  we 
inhabit,  is  placed  at  a  certain  distance  from  the  sun,  the 
great  centre  of  our  system,  and  of  light,  and  of  heat;  and 
where  of  course,  according  to  the  laws  which  light  and  heat 
obey,  these  agencies  must  act  with  a  certain  intensity. 
Hence  it  was  necessary  that  the  materials  of  our  globe 
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should  have  a  certain  degree  of  fixity ;  otherwise  they 
could  not  exist.  If,  indeed,  there  had  been  no  ulterior 
views,  with  respect  to  the  destination  of  our  globe ;  all  that 
would  have  been  requisite,  would  have  been,  to  have  made 
the  globe  sufficiently  firm  to  move  through  space ;  and 
for  this  purpose,  the  more  homogeneous  and  compact  its 
composition  had  been,  the  better.  But  what  are  the 
facts  ?  Our  globe,  though  stable ;  so  far  from  being 
homogeneous,  is  composed  of  a  variety  of  substances,  all 
differing  from  each  other  in  their  properties ;  some  being 
solid,  some  fluid,  some  aeriform,  under  the  common  cir¬ 
cumstances  in  which  they  have  been  placed  ;  and  all 
beautifully  adapted,  both  by  their  physical  and  chemical 
properties,  to  the  purposes  they  fulfil  in  nature;  nay, 
what  is  more,  to  the  purposes  they  were  designed  to  fulfil 
in  nature ;  for  on  no  other  supposition,  would  the  properties 
of  these  various  substances  be  intelligible. 

Thus  water,  within  very  narrow  limits  of  temperature , 
is  a  solid,  or  a  liquid,  or  a  gas ;  and  yet  these  very  narrow 
limits  of  temperature ,  neither  more  nor  less,  are  precisely 
the  limits  which  exist  upon  the  surface  of  our  globe ; 
where  they  are  the  natural,  and  the  necessary  results  of 
its  situation  in  the  universe ;  and  of  the  general  laws, 
which  govern  the  distribution  of  light  and  heat.  Had 
the  properties  of  water  been  other  than  they  are ;  or  had 
the  general  temperature  of  our  globe  been  different; 
water  would  have  existed  altogether  in  the  solid,  or  in 
the  gaseous  state ;  and  its  most  important  properties 
would  have  been  unknown.  Hence,  it  seems  almost 
impossible  to  arrive  at  any  other  conclusion,  than  that  the 
temperature  of  the  earth,  and  the  properties  of  the  water 
on  its  surface,  have  been  mutually  adjusted  to  each  other. 
And  further,  since  the  temperature  of  the  earth,  as 
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above  stated,  is  the  natural  result  of  the  general  laws 
which  govern  the  distribution  of  heat  and  of  light ;  the 
inference  must  be,  that  the  properties  of  the  water,  as  the 
subordinate  and  later  creation,  have,  at  an  after  period, 
been  adjusted  to  the  prior  temperature  of  the  earth. 

If  we  do  not  admit  of  this  adjustment,  we  must  suppose 
that  the  whole  has  been  the  result  of  chance,  or  of  some 
other  unintelligent  principle ;  and  if  water  had  been  the 
only  case  in  which  such  adaptations  were  apparent,  the 
supposition  of  chance  might,  perhaps,  be  received ;  at 
least  it  would  be  difficult  to  prove  the  contrary.  But  when 
we  see  similar  happy  adjustments  in  every  object  around 
us, — in  the  different  elements  of  the  air  we  breathe,  in  the 
soil  we  tread  upon,  in  all  the  varieties  of  rocks  composing 
the  solid  crust  of  our  globe  ;  not  one  of  which  could  have 
been  more  happily  contrived  for  the  purposes  they  fulfil, 
nor  indeed  be  scarcely  conceived  to  exist  otherwise  than 
as  they  are,  without  destruction  to  the  whole  of  the  pre¬ 
sent  arrangements — when  we  see  all  these  things,  and 
duly  reflect  on  them  ;  it  becomes  absolutely  impossible  to 
suppose,  that  so  much  happy  adjustment ;  so  much  appa¬ 
rent  intelligence ;  so  much,  in  short,  of  wnat  the  veriest 
sceptic,  under  other  circumstances,  would  have  allowed 
to  be  evidences  of  design,  can  be  evidences  of  any  thing 
else  than  design ;  or  have  resulted  from  any  unintelligent 
cause  whatever.  Hence  we  are  irresistibly  impelled  to 
the  only  rational  conclusions  the  premises  appear  to 
admit  of,  viz.  ;  that  all  these  happy  adjustments,  and 
adaptations,  which  we  see  in  nature,  are  really  and  truly 
what  they  appear  to  be, — so  many  evidences  of  design  ; 
and,  consequently,  that  the  whole  have  sprung  from  the 
will  of  an  intelligent,  and  omnipotent  Creator. 

These  inferences  are  deducible  from  the  plain  and 
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obvious  arrangements  of  nature,  which  every  one  can 
readily  understand :  but  when  treating  of  elementary 
bodies,  we  remarked,  that  in  a  variety  of  instances,  their 
object  and  use  were  unknown  to  us  ;  and  before  we  quit 
this  part  of  our  inquiry,  it  may  not  be  out  of  place  to 
consider  briefly  these  difficult  points. 

When  we  see  adjustments  so  wonderful,  and  such  wis¬ 
dom  displayed  in  those  parts  of  creation  which  are  intelli¬ 
gible  to  us ;  we  cannot  imagine  that  the  Being  who  made 
them  all,  would  act  otherwise  than  with  wisdom.  Hence, 
what  we  do  not  understand,  or  what  may  appear  incon¬ 
gruous  to  us,  we  naturally  and  properly  refer  to  our  own 
ignorance.  The  phenomena  of  chemistry  are  so  extraordi¬ 
nary  and  often  so  unexpected,  that  little  in  general  can 
be  predicated  of  them,  beyond  what  is  actually  known. 
The  most  experienced  chemist,  therefore,  as  compared 
with  the  Great  Chemist  of  nature,  is  immeasurably 
deficient ;  and  can  only  contemplate  His  wonderful  ope¬ 
rations  with  astonishment  and  awe,  and  own  them  unap¬ 
proachable.  Who  then  can  tell  what  design  is  latent 
under  apparent  incongruities?  What  elaborate  contriv¬ 
ances,  and  adaptations,  may  have  been  requisite  to  have 
produced  water,  or  carbon,  or  any  other  constituent  of  our 
globe,  out  of  the  materials,  and  in  conformity  with  the  laws, 
by  means  of  which  the  Great  Author  of  nature  chose  to 
operate  ?  Who  can  tell  that  the  minor  evil  may  not  have 
been  indispensable  to  the  existence  of  the  greater  good  ? 
That  the  poisonous  metals,  for  instance,  are  not,  as  it  were, 
the  refuse  of  the  great  chemical  processes,  by  which  the 
more  necessary  and  important  elements  of  nature  have 
been  eliminated  ?  That  these  poisonous  matters  have  not 
been  left  with  such  subdued  properties,  as  scarcely  to 
interfere  with  His  great  design, — not  because  they  could 
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not  have  been  prevented — not  because  they  could  not 
have  been  removed — but  on  purpose,  and  designedly,  to 
display  His  power  ? 

Secondly.  If  we  pursue  the  subject  a  step  further, 
and  inquire  into  the  means  by  which  all  the  beautiful 
adaptations  we  have  been  considering,  are  effected ;  we 
shall  find,  that  they  chiefly  depend  upon  a  certain  due 
adjustment,  to  each  other,  of  the  qualities  and  quantities 
of  the  different  substances ;  and  more  especially  of  the 
different  elementary  substances  of  which  our  globe  is 
composed.  These  adjustments  are  so  universal,  and  so 
varied  in  their  character  ;  that  to  enumerate  them  all, 
would  be  little  else  than  to  enumerate  all  the  objects  in 
nature ;  we  shall  therefore  content  ourselves  with  a  few 
of  the  most  familiar  of  each  kind. 

In  the  first  place,  with  respect  to  the  adjustment  of 
quality.  Let  us  consider  for  a  moment,  and  by  way  of 
illustration,  what  would  happen,  if  the  qualities  of  water, 
or  of  air,  were  to  undergo  a  change :  were,  for  example> 
the  important  fluid  water  to  become  sour  or  sweet ;  or 
heavier  or  lighter  ;  or  indeed  anything  but  what  it  is  :  or 
were  the  air  of  the  atmosphere  to  acquire  odour  or  co¬ 
lour  ;  or  to  become  opake  :  by  either  of  such  chang  es 
slight  as  they  appear,  the  whole  of  the  present  economy 
of  nature  would  be  deranged.  Again,  if  the  qualities  of 
the  acid,  existing  in  the  common  salt  of  the  ocean,  were 
to  become  so  modified,  as  to  quit  the  alkali  with  which  it 
is  at  present  associated,  and  combine  with  the  limestone 
composing  our  rocks  ;  while  the  carbonic  acid,  thus  set 
free,  was  diffused  through  the  atmosphere :  in  such  a 
case,  a  large  part  of  the  solid  crust  of  our  globe  would 
rapidly  disappear,  and  becoming  dissolved  in  the  waters  of 
the  ocean,  would  altogether  destroy  their  present  condition; 
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while  the  liberated  carbonic  acid,  would  instantly  prove 
fatal  to  animal  life.  These  would  be  the  consequences  of 
changes  so  trifling,  in  the  qualities  of  a  few  substances 
only ;  nor  is  it  possible,  scarcely,  to  conceive  any  other 
change,  that  would  not  be  attended  with  similar  results. 

In  the  next  place,  the  importance  of  the  adjustments 
of  quantity ,  is  equally  striking.  Let  us,  for  instance, 
conceive  what  would  happen  from  the  simple  inversion  of 
the  quantities  of  dry  land,  and  of  sea,  as  they  now  exist : 
in  such  a  case  there  would  not  be  enough  of  water  to  pre¬ 
serve  the  surface  of  the  land  in  a  moist  state ;  the  greater 
part  of  the  land  would  thus  be  in  the  condition  of  the 
deserts  of  Africa ;  and  totally  unfitted  for  the  habitation 
of  organized  beings.  When  treating  of  the  elements  of 
water,  we  alluded  to  the  happy  adjustment  of  the  quan¬ 
tities  of  oxygen  and  of  hydrogen  in  the  world ;  and  to 
the  consequences  which  would  have  ensued,  if  hydrogen, 
instead  of  oxygen,  had  predominated.  The  same  remarks 
apply  to  almost  every  other  element ;  for  example,  had 
the  proportions  of  the  chlorine,  and  of  the  soda,  in  common 
salt ;  or  of  the  carbonic  acid,  and  of  the  lime,  in  our 
marbles,  been  different  from  what  they  are ;  the  one  or 
the  other  of  the  ingredients  must  have  been  in  excess ; 
and  the  present  order  of  things  could  never  have  existed. 
Again,  were  gold  suddenly  to  become  as  abundant  as 
iron,  and  iron  as  rare  as  gold  ;  were  the  carbon  existing 
in  the  present  useful  form  of  fossil  coals,  to  assume  the 
crystallized  form,  and  become  diamonds  ;  the  whole  order 
of  nature  would  be  subverted,  and  the  whole  of  the  present 
arrangements  be  involved  in  ruin.  Those  who  deny  the 
argument  of  design,  of  course  consider  such  suppositions 
as  these  absurd  ;  and  if  carried  too  far,  they  doubtless, 
under  any  circumstances,  lose  much  of  their  effect ;  but 
admitting  the  argument  of  design,  the  judicious  applica- 
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tion  of  such  suppositions,  is  well  calculated  to  place  the 
advantages,  and  effects,  of  certain  arrangements  in  a 
more  striking  point  of  view  than  can  be  obtained  by  any 
other  means.  More  especially,  such  suppositions,  by 
showing  the  wonderful  adaptations  of  subsequent  creations 
to  prior  existences,  are  admirably  calculated  to  illustrate 
the  fitness,  and  consequently  the  apparent  design,  dis¬ 
played  in  the  formation  of  the  prior  existences  ;  and  thus 
to  show,  that  these  prior  existences  must  have  been  created 
with  reference  to'  ulterior  purposes. 

The  argument  of  prior  arrangements,  and  of  the  subse¬ 
quent  adaptation  of  other  creations  to  these  arrangements, 
is  one  of  such  interest ;  its  consequences,  also,  are  so 
important ;  that  perhaps  it  may  not  be  deemed  irrelevant, 
if,  for  further  illustration,  we  recapitulate  the  argument 
in  a  condensed  form.  For  this  purpose,  we  shall  select 
the  obvious  and  familiar  relation  of  plants  and  animals  to 
water  and  air. 

The  prior  existence  of  water  and  air,  as  compared  with 
the  existence  of  plants  and  animals,  is  established  by  the 
fact,  that  water  and  air  can  exist  without  plants  and 
animals  ;  but  that  plants  and  animals  cannot  exist  without 
water  and  air.  Hence,  as  water  and  air  must  have 
existed,  with  all  their  present  properties,  before  plants 
and  animals  were  created  ;  the  question  naturally  arises, 
how  water  and  air  came  to  be  endowed  with  their  present 
properties  ?  We  suppose  that  water  and  air  were  created 
with  their  present  properties,  with  reference  to  the  future 
existence  of  plants  and  animals ;  and  on  this  supposition 
the  whole  becomes  intelligible.  Further,  that  this  is  the 
true  explanation,  and  that  water  and  air  have  not  obtained 
their  present  properties,  by  chance,  or  accident,  is  rendered 
still  more  probable  by  the  following  considerations.  We 
have  said  that  water  and  air  can  exist  without  plants  and 
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animals  :  now  as  far  as  we  know,  water  and  air  might  have 
existed  for  ever  without  plants  and  animals ;  at  least  the 
contrary  cannot  be  proved,  or  even  rendered  probable. 
Moreover,  plants  and  animals,  as  involving  new  agencies  of 
a  higher  order,  (the  agencies  of  life,)  never  could,  by  any 
law  of  nature,  necessary  or  probable,  have  resulted  from 
an  inferior  agency.  Hence,  there  is  no  necessary  relation 
of  cause  and  effect,  between  the  prior  existence  of  water 
and  air,  and  the  subsequent  existence  of  plants  and 
animals,  as  some  seem  to  have  supposed.  Hence  too 
it  follows  irresistibly,  that  plants  and  animals  have  been 
created,  and  their  properties  adapted  to  the  proper¬ 
ties  of  water  and  of  air,  at  some  subsequent  period, 
and  by  some  external  and  superior  agent.  But  the 
agent  that  could  thus  create  plants  and  animals,  could 
surely  have  created  the  water  and  air  likewise  ;  nay,  must 
have  created  them ;  for,  as  the  prior  and  subsequent 
creations  taken  together,  evidently  form  but  different 
parts  of  one  and  the  same  general  design,  the  whole 
design  must  have  been  the  work  of  one  and  the  same  in¬ 
telligent  Agent. 

It  yet  remains  to  draw  the  attention  of  the  reader  to 
another  circumstance,  connected  with  the  adjustments  in 
quality  and  quantity,  viz.  the  double  adjustment.  Of  the 
causes  of  the  qualities  of  bodies  we  know  but  little,  and 
that  little  is  founded  solely  on  experience.  We  see  that 
these  qualities  are  admirably  fitted  for  their  apparent  pur¬ 
poses  ;  and  hence,  as  the  qualities  might  have  been 
different,  we  arrive  at  the  probable  conclusion,  that  they 
have  been  so  fitted  by  design.  The  collocation  of  quali¬ 
ties  and  numbers,  exactly  where  they  have  been  required, 
adds  much  to  the  probability  of  this  conclusion  ;  because 
such  a  collocation  could  hardly  have  been  other  than  the 
act  of  an  intelligent  Being.  But  the  double  adjustment  in 
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quality  and  quantity ,  of  the  same  thing  at  the  same  time , 
adds  almost  infinitely  to  the  weight  of  evidence  ;  and 
indeed  furnishes  a  proof  in  favour  of  design,  and  of  its  con¬ 
sequences,  which  amounts  to  all  but  actual  demonstration. 

Thirdly.  There  is  another  mode  in  which  we  may 
view  the  arrangements  of  creation,  and  by  which  we  shall 
at  the  same  time,  be  brought  a  step  nearer  to  the  existing 
order  of  things.  Amidst  all  that  endless  diversity  of 
property,  and  all  the  changes  constantly  going  on  in  the 
world  around  us,  we  cannot  avoid  being  struck  with  the 
general  tendency  of  the  whole,  to  a  state  of  repose ,  or 
equilibrium.  Moreover,  this  tendency  to  equilibrium  is 
not  confined  to  the  ponderable  elements,  but  prevails 
also,  in  the  same  remarkable  degree,  among  the  impon¬ 
derable  agencies,  Heat  and  Light ;  which,  as  we  have 
seen,  cannot  be  any  where  long  retained  in  a  state  of 
excess,  on  account  of  their  natural  disposition  to  acquire 
a  certain  state  of  equilibrium  ;  depending  generally  upon 
the  place  of  the  earth  in  the  solar  system.  Now,  the 
formation  of  this  state  of  equilibrium,  and  its  preser¬ 
vation,  may  be  considered  as  the  results  of  those 
wonderful  adjustments  among  the  qualities  and  quantities 
of  bodies  above  alluded  to ;  the  qualities  being  such  as 
to  neutralize  each  other’s  activity  ;  while  the  quantities 
are  so  apportioned,  as  to  leave  one  or  two  only,  predo¬ 
minant. 

Having  premised  this  general  view  of  the  objects  of  na¬ 
ture,  it  is  to  be  further  observed,  that  their  state  of  equi¬ 
librium  is  not  absolutely  fixed :  such  an  unyielding  con¬ 
dition  would  be  not  less  incompatible  with  the  present 
order  of  things,  than  a  condition  of  unlimited  change.  All 
things,  therefore,  are  so  adjusted,  that  slight  deviations, 
or  oscillations  about  the  neutral  point  of  rest  or  equili- 
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brium,  take  place,  and  are  even  necessary,  as  the  world  is 
at  present  constituted  ;  though  these  changes  are  bounded 
within  very  narrow  limits,  and  greater  deviations  would 
instantly  prove  fatal  to  the  whole.  If  we  enquire  into  the 
principles  on  which  these  slight  deviations  take  place, 
and  are  regulated ;  we  shall  find  still  further  reason  to  ad¬ 
mire  the  wonderful  arrangements  displayed.  When  speak¬ 
ing  of  the  elements  of  water,  we  observed  how  much  the 
stability  of  nature  depended  on  the  proportions  of  the 
elements  of  this  fluid ;  and  that  one  of  its  elements,  oxy¬ 
gen,  existed  in  excess,  and  in  a  free  state,  in  the  air.  Now, 
to  the  agency  of  this  oxygen  in  a  free  state,  and  to  the  an¬ 
nual  and  diurnal  motions  of  the  earth,  most  of  the 
minor  operations  going  on  around  us  are  to  be  referred. 
The  universal  presence,  and  peculiar  properties,  of  oxygen 
are  such,  as  to  interfere  more  or  less,  with  every  thing ; 
while  the  motions  of  the  earth  keep  every  thing  in  a  con¬ 
stant  state  of  activity  and  change.  Yet,  the  general 
tendency  of  the  whole,  as  before  observed,  is  toward  a 
state  of  equilibrium ;  and  the  principles  on  which  this 
tendency  operates,  are  very  intelligible.  Thus,  all  bodies 
helow  the  neutral  point  of  rest,  if  we  may  be  allowed  the 
expression  ;  that  is  to  say,  all  bodies  of  a  marked  elemen¬ 
tary  character,  have  a  tendency  to  combine  with  each 
other  synthetically  ;  while  beyond  the  neutral  point,  bodies 
have  very  little  tendency  to  combine  further ;  and  if  by 
intention  on  the  part  of  the  operator,  or  from  any  other 
cause,  they  be  made  so  to  combine  ;  when  left  to  their  own 
operations,  they  speedily  revert,  or  oscillate  back,  to  the 
point  of  equilibrium. 

Such  are  the  means  by  which  the  state  of  equilibrium 
we  are  considering  has  been  produced,  and  by  which  it  is 
still  preserved ;  nor  is  it  possible  to  reflect  on  them 
for  a  moment,  without  arriving  at  the  conclusion,  that 
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this  state  of  equilibrium  possesses  all  the  characters  of  a 
prior  arrangement,  to  which  organized  beings  have  been 
subsequently  adapted.  We  are  thus  led,  in  the  course  of 
our  argument,  to  consider  the  adaptation  of  organized 
beings  to  the  pre-established  equilibrium  of  nature. 

The  present  races  of  organized  beings,  are,  in  all  instances 
continued  only  by  the  process  of  generation  ;  and  if  they 
were  annihilated,  there  are  no  natural  operations  going  on 
in  the  world,  which  can  lead  us  to  believe,  that  by  any 
law  of  nature,  such  organized  beings  could  be  reproduced. 
That  is  to  say,  we  cannot  conceive  that  hydrogen,  carbon, 
oxygen,  and  azote,  with  heat  and  light,  &c.  from  what  we 
know  of  their  properties,  would  ever  be  able,  of  their  own 
accord,  so  to  combine  as  to  form  a  plant  or  an  animal. 
Hence,  when  plants  and  animals  were  first  produced,  it  is 
evident  that  there  must  have  been  a  power  or  agent  in 
operation,  which  has  long  since  discontinued  so  to  operate ; 
and  that  this  power  or  agent  not  only  created  plants  and 
animals  ;  but  at  the  same  time  imparted  to  them  a  capabi¬ 
lity  of  perpetuating  their  existence,  for  a  period,  at  least, 
commensurate  with  that  state  of  equilibrium  in  which  they 
have  been  placed.  Now,  whether  we  consider  the  power 
or  agent  who  accomplished  these  things,  to  have  been  the 
Deity  himself  operating  immediately,  which  is  most  pro¬ 
bable;  or  whether  we  consider  with  some,  that  He  operated 
by  delegated  agencies  and  laws,  the  result  is  the  same 
as  far  as  our  argument  is  concerned ;  the  object  of  which 
argument  is  to  show,  that  the  present  races  of  organized 
beings  are,  somehow  or  other,  influenced  by  the  same 
general  laws,  which  appear  to  regulate  inorganic  matters. 
That  is  to  say ;  organized  beings  at  the  present  time,  are 
at  least  as  fixed  and  permanent  in  their  nature,  as  the  state 
of  equilibrium  in  which  they  have  been  placed ;  and  con¬ 
sequently,  no  new  plants  or  new  animals,  can,  as  the  world 
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now  exists,  be  imagined  to  be  produced,  without  a  new 
and  specific  act  of  creation  ;  or  at  least,  without  an  entire 
change  in  the  standard  of  equilibrium. 

We  have  alluded  to  the  commencement  of  the  present 
order  of  things,  and  to  a  possible  state  of  change  in  the 
condition  of  equilibrium  :  let  us  pause  on  these  momentous 
questions. 

That  the  present  order  of  things,  most  certainly  has 
had  a  beginning :  and  as  certainly,  will  come  to  an  end ; 
we  cannot  doubt :  the  questions  are,  when  was  this  begin¬ 
ning  ;  when  will  be  this  end  ?  Of  the  end,  we  can  know 
nothing:  the  beginning  is  less  obscure;  and  there  are  in¬ 
delible  impressions  left  upon  the  materials  and  structure 
of  our  globe,  which  throw  no  ordinary  light  on  this  ques¬ 
tion.  The  consideration  of  the  changes  which  our  earth 
has  undergone,  however,  belongs  to  another  department : 
we  shall  only  observe,  that  these  changes  appear  to  be  of 
two  distinct  orders ;  which  have  alternated  with  one 
another  in  succession.  The  first  of  these  orders  of  changes, 
seems  to  have  been  of  a  slow  and  gradual  kind  ;  and  such 
as  might  be  supposed  to  take  j}lace,  during  a  state  of 
things,  more  or  less  like  the  present,  and  existing  for  a 
considerable  period.  The  changes  of  the  second  order,  on 
the  contrary,  have  evidently  been  violent,  sudden,  and 
disruptive  ;  of  comparatively  short  duration,  and  differing 
exceedingly  in  degree,  and  in  extent.  In  general,  dis¬ 
ruptive  changes  appear  to  have  operated  from  within ; 
but  whether  altogether  from  internal,  or  from  external  in¬ 
fluences,  is  unknown  to  us.  Now,  it  is  remarkable,  that 
these  successive  alterations  seem  each  time  to  have 
changed  the  standard  of  equilibrium  ;  and  that  during  the 
state  of  comparative  quietude,  or  the  interval  of  equili¬ 
brium  between  the  convulsions,  organized  beings  have 
existed,  adapted  to  the  exigencies  of  that  particular  state 
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of  equilibrium  ;  and  which  beings  must  have  been  succes¬ 
sively  created :  moreover,  the  later  creations  gradually  ap¬ 
proach  to  those  at  present  in  existence.  Hence,  not  only 
does  the  change  in  the  standard  of  organization,  seem  to 
have  been  simultaneous  with  the  change  in  the  state  of 
equilibrium ;  but  both  appear  to  have  been  progressively 
raised  after  each  convulsion.  Finally,  the  last  general 
catastrophe  of  the  disruptive  order  was  evidently  a  de¬ 
luge.*  Such  are  the  conclusions,  which  geologists  have 
deduced  from  a  careful  survey  of  that  part  of  the  crust 
of  the  earth  to  which  they  have  access;  and  these 
conclusions  are  of  the  most  important  kind.  In  particular, 
by  demonstrating  the  existence  of  successive  adaptations, 
to  successive  and  different  states  of  equilibrium;  they 
place  the  argument  of  design  in  a  new  light,  and  add,  in 
no  small  degree,  to  its  force.  This  part  of  the  subject, 
however,  belongs  to  the  geologist,  to  whom,  for  the  pre¬ 
sent,  we  shall  leave  it. 

Fourthly.  The  argument  of  design,  as  connected  with 
the  state  of  equilibrium  in  which  we  live,  may  be 
considered  yet  in  another  manner.  In  this  state  of 

*  If  we  judge  from  what  is  going  on  around  us  in  nature,  and  from 
the  little  tendency  there  appears  to  be  in  things  at  present,  to  combine 
into  new  forms  ;  we  must  be  almost  led  to  the  conclusion,  that  the  de- 
velopement  of  new  elements,  as  well  as  of  new  agents,  is  necessary  to 
produce  new  and  specific  arrangements.  May  we  not  then  infer,  that 
during  those  periodic  convulsions  alluded  to  in  the  text,  new  elements 
have  been  developed,  or  old  ones  decomposed  into  others  of  a  higher,  and 
more  elementary  kind ;  and  that  in  virtue  of  the  general  laws  in  opera¬ 
tion,  these  new  elements  have  subsequently  combined  to  form  series  of 
new  arrangements  ?  Of  course,  this  supposition  is  intended  to  apply 
only  to  the  means  adopted  by  the  Deity  to  effect  His  purpose.  The  for¬ 
mation,  and  selection  of  these  new  elements,  must  in  all  instances,  be 
supposed  to  result  immediately  from  ITis  will  and  agency. 
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equilibrium,  we  have  observed,  the  properties  of  bodies,  as 
they  actually  exist  around  us,  are  all  so  subdued  and  pas¬ 
sive  in  their  character,  that  no  one  predominates  over,  or 
excludes  the  others.  Now,  when  we  reflect  that  almost 
all  these  bodies  are  compounds ;  and  when  we  compare 
the  properties  of  such  compounds,  with  the  properties  of 
the  elements  composing  them  ;  it  is  impossible  not  to  in¬ 
fer,  that  the  properties  of  the  compounds,  rather  than  the 
properties  of  the  elements,  were,  at  their  origin,  the  ob¬ 
jects  contemplated.  That  is  to  say  ;  in  order  that  the 
compounds  might  be  perfect,  the  elements  calculated  to 
produce  them,  were  created  essentially  such,  as  these 
compounds  might  require ;  without  reference  to  the 
secondary  properties  of  the  elements  themselves ;  which 
were  left  to  be  determined,  as  the  more  general  laws  of 
matter  might  decide.  For  instance,  the  hydrogen  in 
water,  and  the  chlorine  and  sodium  in  common  salt,  not 
being,  in  their  simple  state,  required  in  the  economy  of 
nature ;  the  properties  of  these  elements  have  not  been 
made  compatible  with  organic  existence ;  and  the  whole 
attention,  (if  such  a  term  may  be  applied  to  the  operations 
of  the  Deity,)  has  been  directed  to  the  properties  of  the 
compounds,  water,  and  salt.  Thus,  on  the  one  hand, 
where  required,  we  have  the  most  striking  adaptation  of 
property;  while  on  the  other,  where  not  required,  this 
adaptation  of  property  has  not  been  regarded :  nor  is 
this  true  of  water  and  salt  only,  but  of  almost  every 
other  compound  in  nature.  Nay,  what  is  more,  the  in¬ 
congruities  of  the  whole  system  have,  with  the  most  con¬ 
summate  skill,  been  thrown,  as  it  were,  among  those 
properties  not  required.  Hence,  the  arrangements  of 
nature  viewed  in  this  light,  not  only  exhibit  novel  evi¬ 
dences,  but  some  of  the  most  striking  evidences  of  design, 
which  we  possess. 
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The  subject  of  the  incongruous  properties  of  bodies,  is 
one  of  great  interest.  We  have  seen  that  many  of  the 
primary  elements  are  poisonous ;  and  that  almost  all  of 
them,  if  liberated  from  their  affinities,  and  sent  abroad  in 
the  world  like  so  many  demons  let  loose,  would  instantly 
bring  destruction  upon  the  whole  fabric.  Now,  why  should 
such  incompatible  properties  be  necessary  to  the  properties 
of  the  compounds?  Why,  for  instance,  should  the  in¬ 
combustible  fluid,  water,  contain  one  of  the  most  combus¬ 
tible  principles  in  nature?  Or  the  mild  and  innocuous 
common  salt,  be  composed  of  two  elements,  which,  in  their 
separate  state,  would  instantly  destroy  life  ?  Why,  we 
repeat,  are  these  deleterious  properties  of  the  elements, 
necessary  to  the  wholesome  condition  of  the  compound  ? 
What  part  do  they  perform  ;  or  what  property  do  they 
represent,  or  modify  ?  These  are  questions  utterly  beyond 
our  comprehension ;  and  are  likely  always  to  remain  so. 
That  these  incompatible  properties  of  the  elements,  how¬ 
ever,  do,  in  some  way,  contribute  to  the  perfection  of  the 
compounds,  we  cannot  doubt ;  and  the  only  grounds,  on 
which  such  incompatibility  seems  to  admit  of  explanation, 
is ;  that  it  results  necessarily  from  those  limitations,  which 
the  Deity  has  thought  proper  to  prescribe  to  His  power ; 
and  to  which  He  always  most  rigidly  adheres.  Moreover, 
be  the  reason  what  it  may ;  it  is  evident  that  these  arrange¬ 
ments,  so  immediately  calculated  to  lead  to  practical  dif¬ 
ficulties,  have  been  the  result  of  Choice.  For  we  cannot 
but  believe  that  an  omnipotent  Creator,  if  He  had  so 
willed,  could  have  made  the  elements  innocuous,  as  well 
as  the  compounds ;  nay,  to  our  limited  understanding, 
this  would  have  been  the  easiest,  and  most  natural  mode 
of  proceeding.  Why  then  did  He  choose  the  apparently 
more  difficult  course  ?  Why,  to  use  the  language  of  Paley, 
but  “  that  He  might  let  in,  and  thereby  exhibit,  demon- 
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strations  of  his  wisdom.”  Throughout  nature,  the  exi¬ 
gences  and  incongruities  necessarily  arising  from  the  ar¬ 
rangements  we  have  been  considering,  have  given  occa¬ 
sion  for  the  display  of  the  most  astonishing  wisdom  and 
power.  And  instead  of  that  jarring  and  clashing,  which 
might  have  been  expected  from  so  many  conflicting  ele¬ 
ments,  the  qualities  and  quantities  of  these  elements  have, 
upon  the  whole,  been  so  wonderfully  adjusted  to  each 
other,  that  they  neutralize  and  balance  each  other’s  evils  ; 
and  the  general  result  has  been,  that  all  have  finally  settled 
down  together,  into  that  harmonious  state  of  equilibrium, 
before  alluded  to,  so  admirably  adapted  for  the  existence 
of  organic  life. 


Fifthly.  The  next  point  claiming  our  attention  is  the 
nature  and  relations  of  the  properties  with  which  material 
molecules  have  been  endowed. 

Molecular  properties  and  their  relations  in  general  are, 
in  the  highest  degree,  calculated  to  impress  us  with  exalted 
notions  of  the  wisdom  and  power  of  the  Creator.  What, 
for  instance,  can  be  more  truly  admirable  than  the  forces 
of  heterogeneity  ?  those  forces  by  which  the  molecules  of 
different  bodies  are  associated  and  separated  into  new 
forms,  and  thus  lead  to  all  the  mighty  changes,  and  all 
the  astonishing  variety  we  see  around  us?  What  more 
wonderful,  than  that  the  same  forces  when  gently  and 
unostentatiously  directed,  should  on  the  one  hand  j3i*oduce 
objects  and  changes  agreeable  and  beneficial,  nay  even 
necessary  to  our  existence ;  and  on  the  other  hand  when 
differently  directed,  should  give  rise  to  the  most  terrible 
displays  of  energy  made  known  to  us — the  utmost  intensi¬ 
ties  of  heat,  of  cold,  and  of  light ;  the  terrors  of  the  thun¬ 
derbolt  ;  the  irresistible  destruction  of  the  earthquake  ? 
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Nor  are  the  forces  of  homogeneity  much  less  wonderful 
or  less  important  in  the  economy  of  nature.  For  if  the 
molecules  of  similar  bodies  had  not  possessed  forces,  both 
self-attractive  and  self-repulsive,  there  would  have  been 
no  homogeneous  aggregation  into  symmetrical  groups ; 
no  order  or  regularity  ;  no  separation  or  purity  :  in  short, 
there  would  have  been  no  common  bond  of  union ;  and 
the  different  molecules  of  every  variety  of  matter  would 
have  been  dispersed  throughout  nature,  as  accident  or  other 
circumstances  might  determine.  The  present  order  of 
things,  therefore,  could  not  have  existed,  unless  the  mole¬ 
cules  of  matter  had  been  endowed  with  both  kinds  of 
forces — with  the  forces  of  heterogeneity  or  chemistry, 
which  going  before,  imperiously  determine  what  molecules 
shall  be  combined  or  separated  :  and  with  the  forces  of 
homogeneity,  which,  silent  and  unobtrusive,  follow  in  the 
train  of  heterogeneous  forces,  and  industriously  assorting 
and  arranging  their  predecessors’  labours,  here,  perhaps, 
form  a  diamond  ;  or  there  superintend  the  integrity  of  the 
atmosphere  ! 

Sixthly.  We  have  hitherto  confined  our  attention  to 
general  principles,  and  arrangements ;  but  the  commonest 
chemical  process  may  be  made  to  furnish  us  with  some 
striking  proof  of  the  omnipotence  of  the  Creator. 
Let  us,  for  example,  consider  what  happens  in  a  simple 
and  familiar  instance  of  chemical  decomposition  ;  as  when 
a  solution  of  lunar  caustic,  (nitrate  of  silver,)  is  added  to 
a  solution  of  common  salt.  In  this  case,  the  chlorine  of 
the  salt  combines  with  the  silver,  and  produces  a  curdy 
precipitate,  which  falls  down ;  while  the  nitric  acid 
combines  with  the  soda,  and  forms  a  soluble  salt, 
which  remains  in  solution.  Now,  we  showed  in  a  former 
chapter,  that  the  minutest  fragment  of  matter  appreciable 
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by  our  senses,  consists  of  innumerable  molecules.  If 
therefore  we  suppose  a  small  quantity,  as  an  ounce,  of  the 
lunar  caustic,  and  a  proportionate  quantity  of  common 
salt,  to  be  mixed  together  ;  what  countless  myriads  of 
molecules,  in  a  portion  of  time  literally  inappreciable,  must 
have  sought  out,  and  combined,  each  with  its  fellow,  in 
this  simple  process  !  The  human  mind  absolutely  recoils 
from  the  contemplation  of  objects  so  completely  beyond 
its  powers ;  for  the  utmost  we  can  imagine,  must  fall 
almost  infinitely  short  of  the  reality.  Were  we,  for  illus¬ 
tration,  to  conceive  all  the  human  beings  at  present  in  ex¬ 
istence,  to  be  collected  together  into  one  vast  array,  and 
to  be  all  dressed  exactly  alike,  and  to  perform  the  same 
military  manoeuvre  at  the  same  moment ;  we  should  be 
probably  as  far  short  of  the  actual  numbers  of  similar 
molecules,  each  manoeuvring  exactly  alike,  in  the  above 
simple  experiment,  as  a  single  company  falls  short  of  our 
congregated  army  ! 

The  above  example  is  meant  to  illustrate  the  principles 
of  the  argument  only :  the  argument  itself,  like  all  the 
preceding,  is  strictly  cumulative;  and  applies,  more  or  less, 
to  every  operation  in  nature. 

Such  is  a  summary  view  of  the  wonders  developed 
by  chemistry ;  and  what  an  idea  do  they  convey  to  us  of 
the  wisdom,  and  of  the  power  of  Him,  who  contrived  and 
made  the  whole !  Of  the  capacity  of  that  eternal  Mind, 
who,  while  He  directs  the  universe  ;  at  the  same  time, 
takes  cognizance,  and  regulates  the  movements,  of  every 
individual  atom  in  it !  To  whom,  the  inmost  nature,  and 
end,  and  object,  of  every  part  are  familiar ;  of  whose 
comprehensive  designs,  the  whole  forms  but  a  single  link ; 
the  antecedent  and  the  consequent  to  which,  are  alike 
merged  in  infinity ! 
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CHAPTER  I. 


INTRODUCTORY  REMARKS. 

In  the  First  Book  we  have  endeavoured  to  convey 
some  notion  of  the  “  limits  which  the  Deity  has  been 
pleased  to  prescribe  to  His  own  power  or  in  other  words, 
to  describe  briefly  the  properties  of  the  different  subordi¬ 
nate  agents  and  elements  of  our  globe ;  and  their  laws  of 
operation.  We  come  now,  to  consider,  a  little  more 
closely,  the  general  distribution  of  these  agents  and  ele¬ 
ments  ;  and  the  principles  on  which  this  distribution  is 
regulated  ;  so  as  to  produce  all  the  wonderful  results, 
we  see  constantly  going  on  around  us  in  nature. 

In  the  present  state  of  the  world,  as  we  have  already 
observed,  the  general  tendency  of  its  constituent  elements? 
seems  to  be  toward  a  state  of  equilibrium,  or  repose.  But 
a  very  superficial  examination  of  those  parts  of  the  earth’s 
crust,  to  which  we  can  obtain  access,  is  sufficient  to  con¬ 
vince  us,  that  this  quietude  has  not  always  existed ;  and 
consequently,  that  the  present  state  of  things  must  have 
had  a  beginning.  In  short,  the  phenomena  of  geology 
appear  to  show,  that  our  earth  during  its  progress,  has 
undergone,  alternately,  periods  of  comparative  quietude, 
like  the  state  in  which  we  now  live  ;  and  periods  of  de- 
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rangement  and  convulsion,  in  which  the  preceding  states 
of  quietude,  and  their  consequences,  have  been  more  or 
less  subverted ;  and  a  new  order  of  things  has  been  in¬ 
duced.  To  enter  further  into  details  regarding  these 
changes,  however,  would  be  quite  foreign  to  the  object  of 
the  present  volume.  It  is  the  business  of  the  Geologist, 
to  point  out  the  changes  which  our  earth  has  evidently 
undergone,  before  it  arrived  at  its  present  condition ;  to 
trace  the  earth,  as  it  were,  from  a  state  of  chaos,  through 
all  its  metamorphoses,  whether  sudden  and  convulsive,  or 
slow  and  gradual ;  and  to  show,  that  all  these  changes  have 
not  resulted  from  chance,  but  from  the  agency  of  an  intel¬ 
ligent  Being,  operating  with  some  ulterior  purpose ;  and 
according  to  certain  laws,  to  which  He  had  chosen  to 
restrict  himself: — to  demonstrate,  in  fact,  that  to  these 
very  convulsions  and  changes,  we  owe  all  that  boundless 
variety  of  sea  and  of  land,  of  mountain  and  plain, 
of  hill  and  valley  ;  all  that  endless  admixture  of  rocks,  of 
strata,  and  of  soils,  so  essential  to  the  existence  of  the 
present  order  of  things  ;  without  which  the  world  would 
have  been  a  mass  of  crystals,  or  one  dreary  monotonous 
void,  altogether  unfit  for  the  support  of  the  present  races 
of  organized  beings,  and  precluding  the  existence  of  man — 
apparently,  one  great  end  and  object  of  creation. 

Such  is  the  business  of  the  Geologist ;  and  where  his 
duties  terminate,  those  of  the  Meteorologist  may  be  said 
to  begin.  To  the  Meteorologist,  more  especially,  it  be¬ 
longs  to  consider  the  globe  in  its  'present  condition  of  equi¬ 
librium  ;  and  the  means  by  which  this  state  of  equilibrium 
is  maintained  :  in  particular,  to  point  out  the  influences 
of  heat  and  of  light ;  and  of  the  energies  allied  to  them  ; 
to  study  the  laws  of  the  distribution,  and  change,  of  these 
wonderful  agents,  in  the  production  of  climate  ;  to  trace, 
in  short,  the  effects  of  heat  and  light  on  the  earth,  the 
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ocean,  and  tlie  atmosphere;  and  all  the  infinite  variety  of 
phenomena  dependent  on  them. 

In  so  wide  and  varied  a  field  of  inquiry,  it  is  not  easy 
to  devise  a  plan,  that  shall  be  perfectly  unexceptionable. 
For,  as  there  is  no  one  subject  so  entirely  isolated,  as  not 
to  be  more  or  less  influenced  by  the  rest ;  we  scarcely 
know  with  which  to  commence.  After  a  good  deal  of 
reflection,  we  have  adopted  that  arrangement,  which 
seems  to  offer  the  most  natural  view  of  these  subjects ; 
and  at  the  same  time  appears  best  calculated  to  illustate 
the  design,  and  wisdom,  of  the  Great  Creator. 
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CHAPTER  II. 


OF  THE  GENERAL  STRUCTURE  OF  THE  EARTH  :  PARTICU¬ 
LARLY  WITH  REFERENCE  TO  THE  DISTRIBUTION  OF  ITS 
SURFACE  INTO  LAND  AND  WATER  ;  AND  WITH  RESPECT 
TO  ITS  ATMOSPHERE. 


Section  I. 

I 

Of  the  General  Relations  of  the  Sea  and  the  Land  to 

each  other. 

Our  earth  may  be  considered  to  be  composed  of  various 
solid,  liquid,  and  gaseous  materials ;  the  absolute  propor¬ 
tions  of  which  to  each  other,  we  cannot  even  conjecture. 
Of  the  mean  density  of  the  whole,  however,  we  can  form 
some  estimate;  and  philosophers  have  shown  that  this 
density  is  between  five  and  six,  the  density  of  water  being 
supposed  to  be  one.*  W e  can  also  form  a  tolerably  pre¬ 
cise  notion  of  the  relative  proportions  of  the  surface,  oc- 

*  The  late  Mr.  F.  Bailey  gives  5’ 6 74 7  as  the  mean  density  of  the 
earth  from  all  his  experiments.  See  his  Essay,  entitled  “  Experiments 
with  the  torsion  rod  for  determining  the  mean  density  of  the  Earth.” 
Yol.  xiv.  of  the  Memoirs  of  the  Boyal  Astronomical  Society. 
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cupied  by  the  solid,  and  the  liquid  materials ;  and  of  the 
pressure  and  height  of  the  atmosphere,  by  which  these 
solid  and  liquid  materials  are  surrounded. 

W e  take  for  granted,  that  all  are  more  or  less  ac¬ 
quainted  with  the  general  geographical  distribution  of 
land  and  ocean.  We  shall,  therefore,  confine  ourselves 
chiefly  to  their  relative  proportions ;  which  are  such,  that 
nearly  three-fourths  of  the  earth’s  surface  may  be  said  to 
be  covered  with  water  ;  while,  of  course,  barely  one*  fourth 
is  occupied  by  dry  land.  Of  this  dry  land,  it  is  well- 
known,  by  far  the  greater  part  is  confined  to  the  northern 
hemisphere  ;  while  in  the  southern  hemisphere,  the  Pacific 
ocean  exhibits  a  nearly  continuous  surface  of  water, 
greater  than  that  of  the  whole  dry  land  of  the  globe  put 
together.  According  to  the  estimate  of  Humboldt,  the 
dry  land  in  the  two  hemispheres,  is  in  the  ratio  of  three 
to  one ;  between  the  tropics,  in  the  two  hemispheres,  as 
five  to  four ;  and  without  the  tropics,  as  thirteen  to  one ; 
the  preponderance  being  in  the  northern  hemisphere. 

The  height  of  the  dry  land  above  the  general  level  of 
the  ocean  is  very  various ;  but  its  utmost  height,  as  com¬ 
pared  with  the  diameter  of  the  earth,  is  quite  trifling  ;  and 
it  has  been  shown,  that  if  the  whole  of  the  dry  land  exist¬ 
ing,  were  equally  distributed  over  the  bottom  of  the  sea, 
the  quantity  of  water  in  the  sea  is  amply  sufficient  to 
cover  it  entirely.  Hence,  “  dry  land  can  only  be  con¬ 
sidered  as  so  much  of  the  rough  surface  of  our  globe,  as 
may  happen  for  the  time,  to  be  above  the  level  of  the 
waters ;  beneath  which,  it  may  again  disappear ;  as  it  has 
done  at  different  previous  periods.”* 

The  solid  portions  of  our  earth,  are  all  made  up  of 


*  De  la  Beetle’s  Geological  Manual,  p.  2. 
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various  combinations  of  the  primary  elements,  described 
in  a  former  chapter.  The  relative  situations  these  ele¬ 
ments  occupy  in  the  earth’s  structure ;  the  endlessly  varied 
proportions  in  which  they  exist ;  and  all  the  infinite 
diversity  of  their  properties,  it  is  the  business  of  the  geo¬ 
logist,  and  of  the  mineralogist  to  inquire  into,  and  explain  : 
the  observations,  therefore,  which  we  have  to  make  on 
the  present  part  of  our  subject,  will  be  chiefly  confined  to 
the  waters  of  the  ocean ;  and  to  the  atmosphere. 


Section  II. 

Of  the  Ocean. 

The  waters  of  the  ocean  are  not  pure,  but  contain,  as 
is  well  known,  a  variety  of  saline  matters  in  solution. 
Indeed  when  we  reflect  on  the  immense  relative  extent, 
and  general  circumstances  of  the  ocean,  we  may  naturally 
suppose,  that  its  waters  will  contain  more  or  less  of  every 
existing  soluble  principle.  By  far  the  most  abundant 
principle,  however,  in  sea- water,  is  common  salt ;  which 
may  be  said  to  constitute,  in  general,  nearly  twTo-thirds  of 
the  whole  saline  matter  present.  The  whole  saline 
matter  is  between  three  and  four  j^er  cent. ;  and  the 
specific  gravity  of  the  water  varies,  according  to  the 
proportion  of  the  saline  ingredients,  from  about  1026 
to  1030;  pure  wTater  being  supposed  to  be  1000. 
The  late  Dr.  Marcet,  some  years  ago,  made  a  series  of 
interesting  experiments  on  this  subject ;  and  the  follow- 
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in g  are  the  general  conclusions  which  he  drew  from 
them : — 

1.  That  the  southern  ocean  contains  more  salt 
than  the  northern  ocean,  in  the  ratio  of  1*02919  to 
1*02757. 

2.  That  the  mean  specific  gravity  of  sea-water, 
near  the  equator,  is  1*02777  ;  or  intermediate  between 
that  of  the  northern,  and  that  of  the  southern  hemi¬ 
spheres. 

3.  That  there  is  no  notable  difference  in  sea- water 
under  different  meridians. 

4.  That  there  is  no  satisfactory  evidence  that  the 
sea,  at  great  depths,  is  more  salt  than  at  the  surface. 

5.  That  the  sea,  in  general,  contains  more  salt 
where  it  is  deepest,  and  most  remote  from  land ; 
and  that  its  saltness  is  always  diminished,  in  the  vici¬ 
nity  of  large  masses  of  ice. 

6.  That  small  inland  seas,  though  communicating 
with  the  ocean,  are  much  less  salt  than  the  ocean. 

7.  That  the  Mediterranean  contains  rather  larger 
proportions  of  salt,  than  the  ocean.* 

The  saltness  of  the  sea,  is  considerably  influenced, 
at  least  at  its  surface,  by  the  neighbourhood  of  large 
rivers,  and  by  permanent  accumulations  of  ice ;  and  in 
this  way,  the  inferior  saltness  of  small  inland  seas,  parti¬ 
cularly  in  high  latitudes,  may  in  general  be  explained ;  as 
most  of  these  inland  seas  are  supplied  with  comparatively 
large  quantities  of  fresh  water,  from  the  rivers  flowing  into 
them.  On  the  other  hand,  the  superior  saltness  of  the 
Mediterranean,  has  been  ascribed  to  the  immense  evapo¬ 
ration  from  its  surface  ;  the  consequence  principally,  of  its 
being  situated  in  a  warm  climate. 


*  Philos.  Trans.  1819. 
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The  saline  contents  of  the  ocean  are  of  immense  im¬ 
portance  in  the  economy  of  nature.  Such  indeed  is  their 
importance,  that  it  is  doubtful  whether  the  present  order  of 
things  could  be  maintained  without  them.  The  effects  of 
these  saline  matters,  will  be  more  particularly  pointed  out 
afterwards.  In  this  place,  we  shall  only  remark,  that  by 
lowering  the  freezing  point  of  water;  and  by  diminishing  its 
tendency  to  give  off  vapour  ;  they  perform  the  most  bene¬ 
ficial  offices.  Another  valuable  purpose  they  serve, 
may  be  alluded  to  here ;  viz.  the  greater  power  of 
buoyancy  they  communicate  to  water ;  by  means  of 
which,  the  waters  of  the  ocean  are  better  fitted  for  the 
purposes  of  navigation.  Nor  are  these  the  only  uses  of 
saline  matters ;  for  there  is  reason  to  believe,  that  they 
contribute  in  no  small  degree  to  the  stability  of  sea  water, 
and  that  an  ocean  of  fresh  water  would  speedily  undergo 
changes,  which  would  probably  render  it  incompatible  with 
animal  life :  the  waters  of  such  an  ocean  might  even  be 
decomposed,  so  as  seriously  to  interfere  with  the  other  ar¬ 
rangements  of  nature. 

Lastly,  who  will  venture  to  assert  that  the  distribution 
of  sea  and  of  land,  now  established,  though  apparently  so 
disproportionate,  is  not  actually  necessary,  as  the  world  is 
at  present  constituted  ?  What  would  be  the  result,  for 
instance,  if  the  Pacific  or  the  Atlantic  oceans  were  to  be 
converted  into  continents  ?  Would  not  the  climates  of 
the  existing  continents,  as  formerly  observed,  be  com¬ 
pletely  changed  by  such  an  addition  to  the  land  ;  and  the 
whole  of  their  fertile  regions  be  reduced  to  arid  deserts  ? 
Now,  this  distribution  of  sea  and  of  land,  so  wonderfully 
adapted  as  it  appears  to  be  to  the  present  state  of  things, 
depends  of  course,  in  a  great  measure,  upon  the  absolute 
quantity  of  water  in  the  world.  While  on  the  other  hand, 
the  relative  gravity  of  water,  as  compared  with  the  gravity 
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of  the  earth,  keeps  the  ocean  within  its  destined  limits, 
notwithstanding  its  incessant  motion.  Thus  Laplace  has 
shown,  that  the  world  would  have  been  constantly  liable 
to  have  been  deluged  from  the  slightest  causes,  had  the 
mean  density  of  the  ocean  exceeded  that  of  the  earth ! 
Hence  the  adjustment  of  the  quantity  of  water,  and  of  its 
density,  as  compared  with  that  of  the  earth,  afford  some  of 
the  most  marked  and  beautiful  instances  of  design. 


Section  III. 

Of  the  Atmosphere. 

The  immense  body  of  gaseous  matters  surrounding  our 
earth,  and  usually  known  under  the  name  of  the  Atmo¬ 
sphere,  is  essentially  composed,  as  we  formerly  stated,  of 
two  primary  elements,  oxygen  and  azote,  in  the  proportion 
nearly  of  one  part  of  oxygen,  and  four  parts  of  azote. 
Besides  these  two  gases,  the  atmosphere  also  contains  a 
small,  and  perhaps  a  variable,  quantity  of  carbonic  acid 
gas,  amounting  on  an  average,  to  somewhat  less  than 
one  part  in  a  thousand  of  the  whole ;  and  of  water  in  a 
state  of  vapour,  likewise  a  variable  quantity,  (as  will  be 
shown  hereafter,)  but  usually  fluctuating  between  one,  and 
one  and  a  half  per  cent.*  In  addition  to  these  ingredients, 

*  Or  more  accurately  speaking,  1000  parts  of  atmospheric  air,  under 
ordinary  circustances,  may  be  said  to  consist  of 


Oxygen . 

.  .  210-0 

Azote . 

.  .  775' 0 

Aqueous  vapour 

.  .  14*2 

Carbonic  acid  . 

0-8 

1000-0 


O 


194 


METEOROLOGY. 


there  are,  probably,  ammonia  and  other  matters  constantly 
present  in  the  atmosphere  ;  for  as  the  sea  contains  a  little 
of  everything  that  is  soluble  in  water  ;  so  the  atmosphere 
may  be  conceived  to  contain  a  little  of  everything  that  is 
capable  of  assuming  the  gaseous  form. 

The  atmosphere  exerts  a  pressure,  or  weight,  upon  all 
parts  of  the  earth’s  surface,  on  an  average,  equal  to  about 
fifteen  pounds  upon  a  square  inch ;  or  in  other  words, 
equal  in  weight  to  a  column  of  mercury,  one  inch  square, 
and  thirty  inches  high.  The  well-known  instrument,  the 
common  Barometer ,  or  Weather-glass ,  consists  of  nothing- 
more  than  such  a  column  of  mercury,  poised  or  pressed 
upwards  into  a  vacuum  by  the  weight  of  the  atmosphere. 
With  the  changes  constantly  taking  place  in  the  height  of 
such  a  column,  every  body  is  familiar;  and  we  shall  have 
occasion  again  to  recur  to  them :  at  present,  it  is  only 
requisite  to  observe,  that  these  changes  are  much  less 
remarkable  in  tropical,  than  in  temperate  climates, 
Thus,  between  the  tropics,  the  barometer  usually  varies 
only  about  one-third  of  an  inch ;  while  in  temperate 
climates,  the  changes  amount  to  upwards  of  one-tenth  of 
the  whole  height. 

The  pressure  of  the  atmosphere  decreases  as  we 
ascend  above  the  earth’s  surface ;  and  for  equal  ascents, 
this  decrease  of  density,  is,  in  what  is  called  geometrical 
progression.  Thus,  after  an  ascent  of  three  miles,  the 
density  of  the  atmosphere  is  found  to  be  only  one  half  of 
what  it  is  at  the  surface  of  the  earth,  or  equal  to  a  column 
of  mercury  fifteen  inches  in  height;  at  six  miles  the 
barometer  would  stand  at  one-fourth  of  its  usual  height, 
or  seven  and  a  half  inches ;  at  nine  miles  of  elevation,  at 
three  inches  and  three  quarters:  and,  at  fifteen  miles, 
at  about  one  inch  only.  Hence,  though  from  various  cir¬ 
cumstances,  the  atmosphere  has  been  inferred  to  extend 
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from  forty  to  forty-five  miles  above  the  earth’s  surface  ;  by 
far  the  greater  portion  of  it  is  always  within  fifteen  or 
twenty  miles.  The  distance,  however,  to  which  the 
atmosphere  extends,  must  be  different  in  different  lati¬ 
tudes;  for  the  rotation  of  the  earth  on  its  axis;  and 
the  greater,  and  more  direct  influence  of  the  solar  heat 
near  the  equator,  will  necessarily  cause  the  atmosphere  to 
be  higher  in  the  equatorial,  than  in  the  polar  regions ; 
while  at  the  poles,  the  atmosphere  must  be  lower  than 
over  any  other  part  of  the  earth’s  surface. 

Much  difference  of  opinion  has  existed  among  philoso¬ 
phers,  as  to  the  mode  in  which  the  primary  elements 
entering  into  the  composition  of  atmospheric  air,  are 
associated  ;  some  maintaining  that  these  elements  exist 
simply  in  a  state  of  mixture :  others  considering  them  as 
chemically  united.  We  formerly  stated  that  all  gaseous 
bodies,  when  they  combine  with  one  another,  combine 
with  reference  to  their  volumes ;  that  is  to  say,  that  one 
volume  of  one  gas  always  combines  with  one,  two,  or 
more  similar  volumes  of  the  same,  or  of  another  gas,  and 
not  with  any  intermediate  fractional  part.  Now,  since 
atmospheric  air  is  essentially  composed  of  one  volume  of 
oxygen,  and  four  volumes  of  azote,  it  is  evident,  whether 
its  elements  be  in  actual  union  or  not,  that  it  is  at  least 
constituted  on  strictly  chemical  principles;  whence  it 
follows,  that  the  composition  of  the  atmosphere  has  not 
been  the  result  of  accident.  In  this  point  of  view,  there¬ 
fore,  atmospheric  air  may  be  considered  to  be  as  much  a 
chemical  compound  as  water,  or  any  other  similar  body; 
and  instead  of  viewing  the  atmosphere,  according  to  a 
prevalent  notion,  as  a  mere  accidental  and  heterogeneous 
appendage,  connected  with  the  denser  matters  by  no  ap¬ 
parent  tie  ;  we  may  fairly  rank  the  atmosphere  among  the 
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constituents  of  our  globe ;  and  as  forming  a  symmetrical 
part  of  the  great  harmonious  whole. 

But  although  atmospheric  air  has  been  thus  originally 
constituted  on  chemical  principles,  and  probably  owes 
its  stability,  in  no  small  degree,  to  this  circumstance  ;  yet 
the  mode  in  which  its  constituent  elements  are  associated, 
is  very  different  from  the  mode  in  which  the  elements  of 
compounds  in  general,  are  associated.  Indeed  the  con¬ 
stituent  elements  of  atmospheric  air,  do  not  appear  to  be 
combined  at  all ;  but  to  be  only  mixed,  or  simply  diffused 
through  each  other,  in  the  same  manner  as  the  minute 
portions  of  carbonic  acid  gas,  and  of  vapour,  are  known  to 
be  diffused  through  the  whole  atmosphere ;  that  is  to  say, 
according  to  the  laws  of  general  diffusion  of  gaseous 
bodies,  which  we  endeavoured  to  explain  in  a  former 
chapter.  To  this  explanation  we  must  refer  the  readers 
for  details.  We  shall  merely  observe  here,  that  the  fun¬ 
damental  principle  of  this  explanation  consists  in  the 
assumption,  that  the  molecules  of  all  bodies  in  the  gaseous 
state,  are  self- repulsive,  (or  repulsive  of  one  another,  in 
preference  to  others).  When  different  gaseous  bodies, 
therefore,  are  mixed  together,  they  will  not  assume  a 
position  according  to  their  specific  gravities,  as  they  might 
otherwise  be  expected  to  do ;  but  the  molecules  of  each 
gas  will  be  equally  diffused  throughout  the  whole  space 
occupied  by  the  mixture.  Hence,  one  direct  and  most 
important  effect  of  the  mixed  constitution  of  the  atmo¬ 
sphere,  is  its  nearly  uniform  composition ,  at  least  within 
the  limits  attainable  by  man  : — a  fact  which  has  been  con¬ 
firmed  by  innumerable  analyses  of  the  air,  made  in  all 
parts  of  the  world ;  both  at  its  surface,  and  at  the  greatest 
heights  man  has  hitherto  reached.  Moreover,  this  con¬ 
stitution  of  the  atmosphere,  not  only  originally  produced 
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such  uniformity  of  composition  ;  but  is  the  cause  constantly 
operating  to  preserve  that  uniformity — the  grand  conserva¬ 
tive  principle,  as  it  were,  preventing  any  unequal  distribu¬ 
tion  of  the  constituent  elements  of  the  atmosphere  ;  which 
would  speedily  prove  fatal  to  organic  life  !  Were  the 
gaseous  elements  composing  the  atmosphere  in  ever  so 
slight  a  state  of  union,  they  could  not  readily  diffuse 
themselves  through  each  other ;  and  partial  accumulations 
of  one  or  other  of  them  would  be  constantly  taking  place  : 
but  as  the  atmosphere  is  at  present  constituted,  if  a  little 
more  oxygen  be  consumed  in  one  spot  than  in  another ; 
instantly  the  deficiency  is  supplied  from  the  neighbour¬ 
hood  by  diffusion :  and  the  equilibrium  is  scarcely  affected 
in  any  sensible  degree. 

Another  curious  result  of  this  independent  condition 
of  the  gaseous  elements  of  the  atmosphere  is,  that 
of  the  whole  pressure  exerted,  each  component  of 
the  atmosphere  exerts  its  own  force,  according  to  its 
quantity.  Thus,  of  the  thirty  inches  of  mercury  supported 
by  the  whole  atmospheric  pressure,  the  azote  sustains 
2 3^_6_  inches,  and  the  oxygen  Gy1-^- inches ;  while  the 
aqueous  vapour  sustains  only  T4T4Tinch,  and  the  carbonic 
acid  still  less,  or  only  T|y-  inch.  Hence  it  is  evident,  that 
the  fluctuations  in  the  height  of  the  barometer,  (amount¬ 
ing  to  nearly  three  inches  in  our  latitude,)  cannot  depend 
altogether  on  the  quantity  of  aqueous  vapour  in  the 
atmosphere;  for  if  the  whole  of  this  vapour  were  annihi- 
hilated,  it  would  scarcely  produce  a  difference  in  height 
of  half  an  inch.  Attention  is  now  drawn  to  this  fact,  for 
purposes,  which  will  appear  in  a  subsequent  chapter. 

Lastly,  had  the  absolute  quantity,  or  the  relative  gravity, 
of  the  atmosphere,  been  materially  different  from  what  they 
are ;  the  present  order  of  things  could  not  have  existed. 
So  that  the  same  striking  evidences  of  wise  adjustment 


198 


METEOROLOGY. 


are  displayed,  in  these  arrangements  of  the  atmosphere, 
as  in  the  arrangements  formerly  shown  to  prevail,  with 
respect  to  the  quantity  and  the  gravity  of  the  waters  of 
the  ocean. 

Before  we  close  the  present  chapter,  let  us  reflect  for  a 
moment,  on  the  great  arrangements  we  have  been  con¬ 
sidering. 

Why  has  the  surface  of  this  earth  been  divided  into 
land  and  sea?  Why  have  the  land  and  the  sea  been  so 
adjusted  to  each  other,  that  their  condition  and  propor¬ 
tions  hardly  admit  of  change,  without  destruction  to  the 
whole  fabric  ?  Why  has  their  present  stability  been  so 
wonderfully  secured?  Again,  with  respect  to  the  atmo¬ 
sphere;  why  has  any  atmosphere  been  thrown  around 
this  globe  ?  and  why  such  evident  pro visions  to  maintain 
its  ubiquity,  and  unvarying  constitution  ? 

Viewed  alone,  and  without  reference  to  organized 
beings,  all  these  things  appear  to  want  an  object.  This 
globe  might  have  revolved  about  the  central  luminary — 
might  have  occupied  its  point  in  the  universe,  without 
any  “gathering  together  of  the  waters,” — without  any 
circumambient  air.  But  the  scheme  of  the  great  Creator 
extended  beyond  the  mere  adaptation  of  inanimate  mat¬ 
ter.  “  Before  its  foundations  were  laid,”  He  had  destined 
this  earth  to  teem  with  life  ;  and  throughout,  has  rendered 
it  a  fit  habitation  for  living  beings.  For  this  purpose,  and 
acting,  at  the  same  time,  in  strict  conformity  to  those 
laws,  by  which  He  had  chosen  to  limit  Himself,  He  has,  by 
means  of  successive  convulsions  and  changes,  so  con¬ 
trived  to  mix  and  blend  the  different  elements  :  and  finally, 
so  to  arrange  the  dry  land  apart  from  the  sea  ;  that,  taken 
as  a  whole,  and  with  reference  to  the  present  order  of 
things,  their  relative  proportions  will  scarcely  admit  of 
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material  change.  While,  to  crown  his  works,  and  as  it 
were,  the  more  strongly  to  evince  his  design  and  his 
wisdom,  He  has  surrounded  this  globe  with  an  atmosphere  ; 
and  to  preserve  the  homogeneity  of  this  atmosphere,  its 
principles  have  been  so  associated,  as  to  constitute  an 
exception  to  His  usual  operations,  and  even  to  the  general 
laws  of  nature ! 
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CHAPTER  III. 


OF  HEAT  AND  LIGHT  AND  THE  MODES  OF  THEIR  COM¬ 
MUNICATION.  OF  THE  GENERAL  TEMPERATURE  OF  THE 
CELESTIAL  REGIONS;  AND  OF  THE  EARTH  ;  INDEPEN¬ 
DENTLY  OF  THE  SUN. 


Section  I. 

Of  the  Communication  of  Heat  and  Light . 

The  modes  by  which  heat  and  light  are  communicated 
from  one  body  to  another,  and  through  the  same  body,  have 
been  already  explained,  and  we  need  not  again  enter  into 
details :  yet  a  brief  recital  here,  of  the  actual  modes  of 
communication  of  heat  and  light  among  the  objects  of 
nature,  may  not  be  unacceptable  to  the  general  reader. 

Heat  passes  from  the  sun  to  the  earth  by  radiation  ; 
and  again,  by  the  same  process,  it  is  freely  sent  off  from 
the  surface  of  the  earth  into  the  atmosphere.  Below 
the  surface  of  the  earth,  heat  penetrates  in  all  directions 
through  the  solid  matter,  by  what  is  called  conduction . 
A  third  mode  in  which  this  powerful  agency  is  extended 
over  our  globe,  is  by  the  means  we  have  termed 
convection ,  or  the  carrying  process.  Convection  is  con- 
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fined,  of  course,  to  fluids,  as  water  and  air.  A  portion  of 
water  or  of  air  being  heated  above,  or  cooled  below  the 
surrounding  portions,  expands  or  contracts  in  magnitude, 
and  thus  becoming  specifically  lighter  or  heavier,  rises  or 
sinks  accordingly;  carrying  with  it  the  newly  acquired 
temperature,  whatever  that  temperature  may  be. 

Light,  as  far  as  it  is  at  present  known,  moves  from  one 
body  to  another  only  by  radiation. 

Bearing  in  mind  these  modes  of  the  communication  of 
heat  and  light,  the  general  reader  will  find  no  difficulty 
in  understanding  what  follows. 

Of  the  Temperature  of  the  Celestial  Regions. — From 
the  close  and  intimate  relations  between  heat  and  light, 
and  from  their  almost  invariable  association  as  they  exist 
around  us,  it  seems  not  very  unreasonable  to  conclude,  as 
we  did  formerly,  that  these  agencies  are  generally  associated 
in  nature ;  and  that  wherever  one  is  present,  there  the 
other  must  be  present  also.  If  this  be  really  the  case,  the 
innumerable  fixed  stars,  considered  to  be  so  many  suns, 
must  be  supposed  capable  of  diffusing  heat,  as  well  as 
light,  throughout  the  celestial  regions ;  and  consequently 
there  must  be  a  certain  degree  of  temperature,  common 
to  the  whole.  For  this  reason,  and  for  others  which 
might  be  mentioned,  philosophers  have  not  only  inferred 
the  existence  of  such  a  common  temperature  throughout 
the  celestial  regions,  independently  of  our  sun  ;  but  have 
even  attempted  to  determine  its  degree.  Moreover,  all 
the  different  modes  which  have  been  employed  to  estimate 
this  temperature,  singularly  coincide  in  showing,  that  it 
does  not  differ  much  from  — 58°  of  Fahrenheit’s  scale.* 

*  It  may  be  proper  to  observe,  that  this  point  has  been  much  unset¬ 
tled  by  more  recent  inquirers,  who  have  in  different  instances  estimated 
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The  temperature  of  space  is,  therefore,  supposed  to  be 
about  90°  below  the  freezing  point  of  water ;  a  degree  of 
cold  “not  greatly  inferior  to  that  at  which  quicksilver 
becomes  solid ;  and  much  superior  to  some  degrees  of 
cold  which  have  been  produced  artificially.”*  If  such  a 
common  temperature  do  indeed  extend  throughout  space, 
or  at  least  through  our  planetary  system,  it  must  have  no  in¬ 
considerable  influence  upon  the  temperature  of  the  planets 
generally ;  and  with  respect  to  our  own  globe  in  particu¬ 
lar,  such  a  common  temperature  must  operate,  by 
diminishing  the  intensity  of  the  cold  around  the  poles. 

Of  the  Temperature  of  the  Interior  of  the  Earth . — 
The  attention  of  philosophers  has,  for  some  years  past,  been 
a  good  deal  directed  to  the  internal  temperature  of  the 
earth,  at  great  depths;  beyond  the  influence  of  the  sun, 
or  of  any  other  external  cause.  From  the  earliest  times, 
some  vague  notions  of  a  central  heat  seem  to  have  prevailed 
among  mankind ;  doubtless,  arising  from  their  attention 
being  forcibly  drawn  to  the  phenomena  of  volcanoes,  and 
hot  springs  ;  but  it  is  not  till  a  comparatively  late  period, 
that  the  subject  has  been  carefully  investigated.  It  would 
be  quite  foreign  to  our  present  purpose  to  enter  here  into 
details  ;  we  shall  therefore  merely  state,  that  the  argu¬ 
ments  in  favour  of  the  probability  of  a  central  heat,  are — 
“first,  the  experiments  made  in  mines,  which,  notwith¬ 
standing  their  liability  to  error  from  various  sources,  still 

the  temperature  of  space  between  9°  and  —  280  of  Fahrenheit’s  scale  ! 
For  recent  information  on  this  interesting  subject  the  reader  is  referred 
to  an  admirable  report  on  meteorology  by  Professor  Forbes,  of  Edin¬ 
burgh  ;  Trans,  of  the  British  Association  for  the  advancement  of  Science, 
1840. 

*  Discourse  on  the  Study  of  Natural  Philosophy;  p.  157.  By  Sir 
J.  F.  W.  Herschel. 
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seem  to  show,  particularly  those  made  in  the  rock  itself, 
an  increase  of  temperature  from  the  surface  downwards ; 
— secondly,  the  existence  of  thermal  springs,  which  are 
not  only  abundant  among  active  and  extinct  volcanoes, 
but  also  among  all  varieties  of  rocks  in  various  parts  of 
the  world;* — thirdly,  the  existence  of  volcanoes  them¬ 
selves,  which  are  distributed  over  the  globe,  and  present 
such  a  general  resemblance  to  each  other,  that  they  may 
be  considered  as  produced  by  a  common  cause,  and  that 
cause,  probably,  deep-seated ; — and  lastly,  the  terrestrial 
temperature  at  comparatively  small  depths,  which  does 
not  coincide  with  the  mean  temperature  of  the  air  above 
it.”  * 

Such  is  an  abstract  of  the  principal  arguments  which 
have  been  brought  forward  in  support  of  the  opinion, 
that  within  our  earth,  even  at  the  present  time,  there 
exists  a  central  heat  of  great  intensity.  As  corroborative  of 
the  same  views,  may  be  mentioned  the  evidence  derivedfrom 
the  characters  of  the  fossil  remains  both  of  plants  and  of 
animals,  found  in  the  colder  regions  of  the  wTorld ;  which 
characters  are  such,  as  to  prove  beyond  a  doubt,  that  these 
plants  and  animals  must  have  been  produced  in  a  climate 
much  hotter  than  that  in  which  their  remains  are  found;  and 
indeed,  that  the  heat  of  the  climate  in  which  they  lived 
must  have  been  equal,  if  not  superior,  to  the  heat  of  the 
tropical  portions  of  our  earth  at  the  present  time. 
Hence  it  has  been  inferred,  that  the  temperature  of  our 
earth,  formerly  much  above  what  it  is  now,  has  been 
gradually  dissipated  into  the  surrounding  planetary 
regions,  and  has  thus  helped  to  increase  the  general  tem¬ 
perature,  which,  as  above  stated,  is  supposed  to  pervade 

*  De  la  Beetle’s  Geological  Manual,  p.  24,  new  edit.  The  tempera¬ 
ture  of  the  interior  of  the  earth  has  been  found  to  increase  1°  of  Fahren¬ 
heit’s  scale,  at  distances  varying  from  every  37  to  every  7(5  feet. 
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space.  Moreover,  the  Baron  Fourier,  to  whom  we  are 
principally  indebted  for  these  observations,  has  attempted 
to  show,  that  the  earth  has  nearly  reached  its  limit  of 
cooling,  particularly  near  the  surface.  Near  the  surface, 
the  temperature  would  necessarily  decrease  much  more 
rapidly  than  in  the  interior;  where,  in  a  globe  of  the 
earth’s  magnitude,  the  temperature  might  be  supposed  to 
remain  nearly  unchanged,  for  a  very  great  length  of  time. 
The  same  distinguished  philosopher  has  also  attempted  to 
show,  that  the  temperature  of  the  surface  is  still  liable  to 
be  influenced  by  the  gradual  escape  of  heat  from  the 
interior,  which  even  yet  seems  to  be  constantly  going  on  ; 
and  that  the  temperature  of  the  surface  is  thus  somewhat 
higher,  than  it  would  be,  if  such  a  central  heat  did  not 
exist ;  or  than  it  would  be,  if  the  temperature  of  the  sur¬ 
face  of  the  earth  depended  only  on  the  action  of  the  sun. 

We  are  thus  brought  to  the  proper  commencement  of 
this  treatise  on  Meteorology  ;  viz.  the  consideration  of  the 
present  state  of  the  earth’s  temperature,  as  liable  to  be 
influenced  by  the  presence  or  absence  of  the  sun,  the 
great  source  of  heat  and  of  light  to  our  system. 

Before  proceeding,  we  may  remark,  that  the  details  of 
the  subject  we  have  now  concluded,  fall  entirely  within 
the  province  of  the  geologist.  To  him  it  belongs,  as  we 
have  already  said,  not  only  to  trace  the  wonderful 
changes  which  our  globe  has  undergone  in  arriving  at  its 
present  condition ;  but  to  point  out,  the  beautiful  adapta¬ 
tions  of  organic  life,  and  structure,  to  the  existing  circum¬ 
stances  of  its  various  epochs.  Considered  in  this  point  of 
view,  geology  is  a  subject  of  the  highest  interest  and  im¬ 
portance  ;  and,  to  use  the  words  of  an  eminent  Professor, 
with  which  we  shall  finish  this  chapter,  64  lends  a  great 
and  unexpected  aid  to  the  doctrine  of  final  causes  ;  for  it 
has  not  merely  added  to  the  cumulative  argument,  by  the 
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supply  of  new  and  striking  instances  of  the  mechanical 
structure  adjusted  to  a  purpose,  and  that  purpose  accom¬ 
plished  ;  but  it  has  also  proved,  that  the  same  pervading 
active  principle  manifesting  its  power  in  our  times,  has 
also  manifested  its  power  in  times  long  anterior  to  the  re¬ 
cords  of  our  existence. 

“  But,  after  all,”  continues  our  author,  “  some  men, 
seeing  nothing  but  uniformity  and  continuity  in  the  works 
of  nature,  have  still  contended  (with,  what  I  think,  a  mis¬ 
taken  zeal  for  the  honour  of  sacred  truth)  that  the  argu¬ 
ment  from  final  causes  proves  nothing  more  than  a 
quiescent  intelligence.  I  feel  not  the  force  of  this  objec¬ 
tion.  In  geology,  however,  we  can  meet  it  by  another 
direct  argument ;  for  we  not  only  find  in  our  formations 
organs  mechanically  constructed,  but  at  different  epochs 
in  the  history  of  the  earth,  we  have  great  changes  of  ex¬ 
ternal  conditions,  and  corresponding  changes  of  organic 
structure ;  and  all  this  without  the  shadow  of  a  proof,  that 
one  system  of  things  graduates  into,  or  is  the  necessary 
and  efficient  cause  of  the  other.  Yet  in  all  these  instances 
of  change,  the  organs,  as  far  as  we  can  comprehend 
their  use,  are  exactly  those  which  were  best  suited  to  the 
functions  of  the  being.  Hence  we  not  only  show  intelli¬ 
gence  contriving  means  adapted  to  an  end,  but,  at  succes¬ 
sive  times  and  periods,  contriving  a  change  of  mechanism 
adapted  to  a  change  in  external  conditions.  If  this  be 
not  the  operation  of  a  prospective  and  active  intelligence, 
where  are  we  to  look  for  it  ?”  * 

*  Address  delivered  to  the  Geological  Society  of  London,  by  the  late 
President,  Professor  Sedgwick,  1831. 
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CHAPTER  IV. 


OF  THE  TEMPERATURE  OF  THE  EARTH  AT  ITS  SURFACE, 

AS  DEPENDENT  ON  THE  SUN. 

The  general  temperature  of  tlie  earth  is  doubtless  re¬ 
gulated  by  its  situation  in  the  universe  ;  and  more  espe¬ 
cially,  by  its  position  with  respect  to  the  sun.  To  this 
position  of  the  earth,  as  formerly  observed,  the  properties 
of  its  constituent  elements  have,  most  obviously,  been  all 
adapted  with  consummate  wisdom  ;  so  that,  under  the  cir¬ 
cumstances  in  which  they  are  placed,  some  are  solid,  some 
liquid,  others  gaseous,  according  to  the  purposes  they  are 
intended  to  fulfil  in  nature. 

But  the  heat  and  light  derived  from  the  sun,  are  very 
unequally  distributed  over  the  surface  of  the  earth  ;  and 
every  one  is  familiar  with  the  fact,  that  as  we  recede  from 
the  equator  toward  the  north  or  south,  the  temperature 
of  the  earth’s  surface  gradually  diminishes,  till  we  arrive 
at  the  polar  regions. 

Such  is  the  general  fact.  But  the  circumstances  which 
conspire  to  interfere  with  this  gradual  distribution  of  tem¬ 
perature,  are  so  numerous  and  so  influential ;  that  the 
actual  temperature  of  a  place  can  be  learnt  only  by  obser¬ 
vation.  Among  the  circumstances  thus  more  especially 
affecting  the  distribution  of  temperature,  may  be  men- 
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tioned,  the  nature  of  the  surface,  whether  water  or  land  ; — 
and  the  situation,  whether  at  a  greater,  or  at  a  less  height, 
above  the  level  of  the  ocean.  To  such  circumstances  may 
be  added,  the  particular  configuration  and  geographical 
relations  of  places ;  as  their  aspect  to  the  north  or  south  ; 
their  being  sheltered  or  exposed ;  the  composition  and 
nature  of  the  soil,  particularly  its  colour  and  state  of  ag¬ 
gregation  ;  on  which  depend  its  powers  of  absorbing  and 
of  radiating  heat  and  light ;  and  of  retaining  or  of  parting 
with  humidity,  &c.;  also  the  proximity,  or  absence  of, 
seas ;  the  predominance  of  certain  winds ;  the  frequency 
of  clouds,  fogs,  &c.  These,  and  innumerable  other  cir¬ 
cumstances,  many  of  which  will  be  pointed  out  in  subse¬ 
quent  chapters,  contribute  to  influence  the  temperatures 
of  different  places  ;  and  to  render  them,  in  fact,  as  varied 
as  the  places  themselves. 

Nor  is  difference  of  place,  the  only  cause  of  difference 
of  temperature  ;  every  one  knows,  that  at  the  same  place, 
the  temperature  is  in  a  constant  state  of  change.  Hence, 
before  we  can  obtain  correct  notions  of  the  actual  tem¬ 
perature  of  any  given  place,  or  period,  certain  expedi¬ 
ents  are  necessary,  which  it  will  be  requisite  first  to 
consider. 


Section  I. 

Of  Mean  Temperature. 

If,  on  any  given  day,  we  observe  the  temperature  at  the 
earth’s  surface,  at  the  commencement  of  every  one  of  the 
twenty-four  hours,  we  shall  find,  as  before  observed,  that 
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at  each  hour  the  temperature  is  different ;  and  we  natu¬ 
rally  enquire,  which  of  all  these  temperatures  is  to  be 
chosen  in  preference,  as  the  one  characteristic  of  the  day 
and  place  ?  The  answer  to  this  question  obviously  is ; 
that  temperature ,  whatever  it  may  he,  which  is  equidistant 
from  the  extremes ;  or,  as  it  is  usually  termed,  the  mean 
temperature  of  the  whole .  Now  this  mean  temperature 
may  be  obtained,  nearly,  by  adding  all  the  results  together, 
and  dividing  the  sum  by  the  number  of  observations  ;  thus 
we  arrive  at  the  mean  temperature  of  the  day,  by  adding 
together  the  temperatures  observed  at  different  hours  of 
the  day,  and  dividing  the  sum  by  the  number  of  tempera¬ 
tures.  In  like  manner,  by  adding  together  the  mean 
temperatures  of  every  day  of  a  week,  or  of  a  month,  and 
dividing  the  sum  by  the  number  of  days,  we  obtain  the 
mean  temperature  of  the  week  or  month ;  and  so  on,  by 
similarly  treating  the  mean  temperatures  of  the  months, 
or  of  any  number  of  years,  we  obtain  the  mean  tempera¬ 
ture  of  the  year,  at  a  given  place  :  and  it  is  to  be  remem¬ 
bered,  that  the  more  numerous  the  observations,  the  more 
accurate  will  be  the  mean  result. 

Lastly,  it  remains  to  state,  that  the  temperature  always 
understood  by  the  Meteorologist,  (unless  otherwise  ex¬ 
pressed),  is  the  temperature  of  the  air  near  the  surface  of 
the  earth,  as  indicated  by  a  thermometer,  effectually  pro¬ 
tected  from  radiation  and  foreign  influence  of  every  kind. 
The  temperature  as  indicated  by  a  thermometer  fully  ex¬ 
posed  to  solar  radiation,  and  which  in  its  turn  is  allowed 
to  radiate  freely  in  the  sun’s  absence,  is  altogether  a  dif¬ 
ferent  thing ;  and  may  be  imagined  to  coincide  very 
nearly  with  the  actual  temperature  of  the  earth’s  surface, 
when  similarly  exposed.  The  fluctuations  of  temperature 
indicated  under  these  circumstances,  are  much  greater 
than  those  of  the  air  above  noticed  ;  though  it  is  probable, 
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that  the  mean  of  the  whole  of  such  observations,  if  this 
mean  could  be  accurately  obtained,  would  differ  little 

from  the  mean  of  the  fluctuations  of  the  temperature  of 
the  air. 


Section  II. 

Of  the  Polar  and  Equatorial  Temperatures  ;  Of  Isother¬ 
mal  Lines ;  and  Of  the  actual  Distribution  of  Tempe¬ 
rature  over  the  Earth .  Climate. 

The  reader  is  supposed  to  be  acquainted  with  the  prin¬ 
ciples  of  the  common  division  of  the  surface  of  the  globe 
into  five  zones  or  bands,  usually  denominated  the  torrid , 
the  two  frigid ,  and  the  two  intermediate,  or  temperate 
zones  ;  and  that  generally  speaking,  the  poles,  and  the 
equator,  present  the  extremes  of  temperature  upon  the 
earth’s  surface.  Now,  in  considering  the  general  distri¬ 
bution  of  temperature  over  the  globe,  the  extreme  tem¬ 
peratures  naturally  claim  our  attention  in  an  especial 
manner :  we  shall,  therefore,  begin  with  the  temperature 
of  the  polar,  and  of  the  equatorial  regions. 

Of  the  Temperature  of  the  Poles ,  and  of  the  Polar 
Regions. — The  probable  mean  temperature  of  the  poles 
has  always  been  an  interesting  subject  of  meteorological 
inquiry.  It  must  be  confessed,  however,  that  after  all  that 
of  late  years  has  been  done  by  our  enterprizing  country¬ 
men,  much  is  yet  necessary,  to  enable  us  to  arrive  at 
satisfactory  conclusions.  Thus  it  has  been  shown,  that  in 
attempting  to  calculate  the  temperature  of  the  North 
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Pole,  we  shall  obtain  very  different  results,  by  employing 
the  temperature  occurring  in  the  old  world,  and  that  ob¬ 
served  in  the  new  world  ;  the  temperature  of  the  old 
world  indicating  the  temperature  of  the  pole  to  be  about 
10°;  while  the  temperature  of  the  new  world,  indicates 
it  to  be  considerably  below  Zero.  Hence  it  has  been  in¬ 
ferred,  that  there  are  two  points  or  poles  of  greatest  cold, 
situated  in  about  the  latitude  of  80°  north,  and  in  longi¬ 
tudes  95°  east,  and  100°  west ;  and  consequently,  that  the 
geographical  pole  of  the  globe,  is  not  the  coldest  point  of 
the  Arctic  hemisphere.  Whether  this  deduction  be  well 
founded  or  not,  must  be  decided  by  future  observation. 
At  present,  the  actual  temperature  of  the  Polar  regions 
cannot  be  considered  as  determined. 

Although  we  are  thus  unable  to  state  with  certainty  the 
temperature  of  the  Polar  regions,  it  may  nevertheless  be 
deemed  an  object  of  curiosity,  to  know  the  lowest  tempe¬ 
ratures  that  have  been  noticed.  Perhaps  the  lowest  au¬ 
thentic  observations  of  temperature  we  possess,  are  those 
by  Captain  Parry  at  Melville  Island.  There,  the  thermo¬ 
meter  in  the  ship,  was  often  observed  as  low  as  — 50° ; 
and  at  a  distance  from  the  ship,  even  as  low  as  55°  under 
Zero.  We  believe  still  lower  temperatures  than  these 
are  on  record,  but  probably  they  are  not  to  be  relied  on. 
The  greatest  degree  of  cold  hitherto  produced  artificially , 
has  been  91°  under  Zero. 

Of  ; the  mean  annual  Temperature  of  the  Equator . 
The  mean  annual  temperature  of  the  equatorial,  like  that 
of  the  polar  regions,  is  a  meteorological  problem  of  con¬ 
siderable  interest.  Humboldt,  from  a  very  extensive 
generalization,  fixed  the  mean  equatorial  temperature 
at  81  and  the  same  mean  has  been  adopted  by 
others.  Attempts,  however,  have  been  recently  made  to 
show  that  this  temperature  is  3°  or  4°  below  the  truth ; 
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but  Humboldt  in  reply  still  maintains  his  former  opinion. 
Since  at  the  equator,  only  about  one-sixth  of  the  whole 
circumference  of  the  globe  is  dry  land  ;  the  general 
equatorial  temperature,  as  actually  found  to  exist,  is 
perhaps  lower  than  upon  theoretical  principles  it  ought 
to  be,  as  deduced  from  observations  made  on  the  continent 
in  the  neighbourhood  of  the  equator.  Thus  the  mean 
temperature  of  Pondicherry,  in  latitude  11°  55'  north,  is 
at  least  85° ;  and  if  from  this  temperature,  the  tempera¬ 
ture  of  the  equator  were  deduced  according  to  the  com¬ 
mon  principles,  the  deduction  would  of  course  be  much 
above  the  truth.  The  fact  is,  as  in  the  case  of  the  Polar 
regions,  we  do  not  possess  the  requisite  data  for  deter¬ 
mining  the  equatorial  temperature,  in  a  perfectly  satis¬ 
factory  manner. 

As  in  speaking  of  the  Polar  regions,  we  noticed  the 
lowest  degree  of  temperature  which  had  been  observed ; 
perhaps  while  speaking  of  the  equatorial  regions,  it  may 
be  deemed  not  irrelevant,  to  notice  the  highest  tempera¬ 
ture.  Observations,  however,  of  this  kind,  being  princi¬ 
pally  founded  on  the  incidental  notices  of  travellers,  are 
not,  in  general,  much  to  be  relied  on ;  or  are  to  be  con¬ 
sidered  only  as  approximations.  Thus  the  thermometer 
has  been  recorded  at  Benares  to  stand  at  110°,  113°,  and 
even  118°.  At  Sierra  Leone,  it  has  been  observed,  when 
placed  on  the  ground,  to  indicate  a  temperature  of  138°. 
Humboldt  also  gives  many  instances  of  the  temperature 
of  the  surface  of  the  earth,  amounting  to  118°,  120  ,  and 
129° :  and  on  one  occasion  he  found  the  temperature  of 
a  loose  and  coarse  granitic  sand,  to  amount  to  upwards  of 
140°;  the  thermometer  in  the  sun  at  the  time,  only  indi¬ 
cating  a  temperature  of  about  97°. 

Of  the  Temperature  of  the  intermediate  Regions  of  the 
Globe .  Of  Isothermal  Lines ,  8fc.  With  respect  to  the 
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temperatures  of  those  parts  of  the  earth,  between  the 
poles  and  the  equator,  it  may  be  remarked,  that,  except 
for  reference  only,  the  old  division,  before  mentioned,  of 
the  earth’s  division  into  zones,  is  now  almost  entirely 
superseded  by  the  more  precise  and  natural  arrangement, 
termed  the  Isothermal  arrangement.  According  to  this 
arrangement,  all  the  places  upon  the  globe,  having  the 
same  annual  mean  temperature ,  are  classed  together  ;  and 
lines  drawn  upon  a  map  through  such  a  series  of  places 
have  been  termed  Isothermal  lines ,  or  lines  of  equal  tem¬ 
per  ature.  As  might  be  expected  from  what  has  been 
already  stated,  the  courses  of  these  lines  are  by  no  means 
regular.  Thus,  suppose  two  travellers  set  out,  the  one 
from  London  and  the  other  from  Paris ;  and  each  visits 
all  the  places  in  the  northern  hemisphere,  in  which  the 
mean  annual  temperatures  are  the  same  as  in  these  two 
cities.  It  will  be  found  that  the  lines  of  their  routes, 
or  the  isothermal  lines  of  these  two  cities,  will  not 
only  not  follow  the  parallels  of  their  latitude,  but  that 
they  will  not  be  parallel  to  each  other ;  and  the  same 
may  be  said  to  be  the  case,  with  any  other  two  places 
upon  the  globe.  Hence,  as  the  isothermal  lines  are 
as  numerous  as  the  places,  and  as  diversified  as 
numerous,  geographers  have  grouped  them  into  bands  or 
zones.  Thus  Humboldt,  to  whom  we  owe  most  of  what 
has  been  done  on  this  subject,  has  divided  the  northern 
hemisphere  into  the  following  six  isothermal  bands,  or 
zones,  viz. 


1 .  The  zone  of  mean  annual  temperature  ranging  from  32°  to  41°. 


2. 

- 

- 

- 

- 

from  41°  to  50°. 

3. 

- 

- 

* 

- 

from  50°  to  59°, 

4. 

- 

- 

- 

- 

from  59°  to  68°. 

5. 

- 

- 

- 

- 

from  68°  to  77°. 

6. 

•• 

• 

- 

- 

from  77°  upwards. 
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The  tables  given  in  the  appendix  contain  a  general  view 
of  Humboldt’s  results.  From  these  results,  and  from 
other  data,  the  approximate  courses  of  the  different 
isothermal  lines  have  been  traced  on  the  accompanying 
map ;  which  will  convey  to  the  reader  a  much  more 
distinct  notion  of  their  nature,  than  can  be  conveyed  by 
words.  We  shall  therefore  content  ourselves  with  briefly 
pointing  out  the  approximate  course  of  the  most  interest¬ 
ing  of  these  lines  ;  viz.  the  Isothermal  line  of  32°. 

If  we  begin  to  trace  this  important  line  from  the 
eastern  parts  of  Siberia  in  longitude  130°  east,  we  shall 
find  that  in  that  meridian  it  commences  nearly  in  the 
latitude  of  59°  north ;  whence  it  makes  a  gradual  bend 
northward,  and  crosses  the  parallel  of  GO0,  nearly  in 
longitude  90°.  From  that  point,  it  still  advances  to  the 
north,  and  crossing  the  arctic  circle  in  longitude  45° 
east,  arrives  at  its  most  northern  extremity  in  about 
latitude  67  longitude  10°  east.  From  this,  its  most 
northerly  limit,  the  line  takes  a  gradual  sweep  toward 
the  south  ;  recrosses  the  arctic  circle  in  longitude  15° 
west,  and  passing  through  the  north-west  of  Iceland, 
divides  the  parallel  of  60°,  in  longitude  42°  west. 
Thence  the  line  proceeds  southward  to  the  latitude  of 
54°,  a  little  to  the  north  of  Table  Bay,  in  Labrador ; 
gradually  declining  in  its  course  till  it  arrives  at  longitude 
100®  west,  in  the  central  parts  of  the  new  continent.  The 
Isothermal  line  of  32°,  ranges,  therefore,  through  a  space 
of  14°  or  15°  of  latitude  :  while  its  western  extremity,  in 
the  central  parts  of  America,  is  5°  or  6°  nearer  the 
equator,  than  its  eastern  extremity  in  Siberia— a  circum¬ 
stance  strikingly  illustrative  of  the  greater  cold  of  the  new 
continent,  in  the  same  parallel  of  latitude.  The  other 
Isothermal  lines  are  represented  approximately  on  the 
map,  and  do  not  require  to  be  more  minutely  described. 
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The  most  remarkable  circumstance  connected  with  them 
is,  that  as  they  approach  the  equator,  they  gradually  be¬ 
come  less  convex  toward  the  north  ;  so  that  the  Isother¬ 
mal  line  of  77°  differs  but  little  from  a  straight  line, 
coincident  with  the  tropic  of  cancer. 

In  the  arrangement  above  described,  the  mean  tempe¬ 
ratures  of  the  whole  year  are  supposed  to  be  classed  to¬ 
gether;  but  it  is  obvious  that  the  same  principle  may 
be  applied  to  any  portion  of  the  year ;  as  the  extreme 
winter  and  summer  temperatures.  Such  classifications 
are  often,  as  we  shall  presently  see,  of  great  importance, 
in  enabling  us  to  estimate  the  characters  of  a  particular 
country.  Lines  drawn  through  places  having  the  same 
summer,  and  the  same  winter  temperatures,  are  denomi¬ 
nated  Isotheral  and  Isocheimal  lines;  while  lines  drawn 
through  places  having  other  common  temperatures,  receive 
other  appropriate  names. 

The  similarity  and  diversity  of  the  seasons  arising  from 
the  actual  distribution  of  Temperature  over  the  Earth  are 
graphically  pointed  out  in  the  extract  from  Humboldt, 
regarding  the  northern  hemisphere . 

“  The  whole  of  Europe,”  says  this  distinguished  philo¬ 
sopher,  “  compared  with  the  eastern  parts  of  America  and 
Asia,  has  an  insular  climate  ;  and  upon  the  same  Isothermal 
line,  the  summers  become  warmer,  and  the  winters  colder, 
as  we  advance  from  the  meridian  of  Mont  Blanc  towards 
the  east  or  the  west.  Europe  may  be  considered  as  the 
western  prolongation  of  the  old  continent  ;  and  the 
western  parts  of  all  continents  are  not  only  warmer,  at 
equal  latitudes,  than  the  eastern  parts ;  but  even  in  the 
zones  of  equal  annual  temperature,  the  winters  are  more 
rigorous,  and  the  summers  hotter,  on  the  eastern  coasts, 
than  on  the  western  coasts,  of  the  two  continents.  The 
northern  part  of  China,  like  the  Atlantic  region  of  the 
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United  States,  exhibits  seasons  strongly  contrasted ;  while 
the  coasts  of  New  California,  and  the  embouchure  of  the 
Columbia,  have  winters  and  summers  almost  equally 
temperate.  The  meteorological  constitution  of  countries 
toward  the  north-west,  resembles  that  of  Europe  as  far 
as  50°  or  52°  of  latitude.  Comparing,  in  the  two  systems 
of  climates,  the  concave  and  the  convex  summits  of  the 
same  Isothermal  lines;  we  find  at  New  York,  the  sum¬ 
mer  of  Rome,  and  the  winter  of  Copenhagen  ;  at  Quebec, 
the  summer  of  Paris,  and  the  winter  of  St.  Petersburgh. 
At  Pekin,  also,  where  the  mean  temperature  of  the  year 
is  that  of  the  coasts  of  Brittany,  the  scorching  heats  of 
summer  are  greater  than  at  Cairo,  and  the  winters  are  as 
rigorous  as  at  Upsal.  So  also,  the  same  summer  tempera¬ 
ture  prevails  at  Moscow  in  the  centre  of  Russia,  as 
toward  the  mouths  of  the  Loire,  notwithstanding  a 
difference  of  11°  of  latitude;  a  fact  that  strikingly  illus¬ 
trates  the  effects  of  the  earth’s  radiation  on  a  vast  conti¬ 
nent  deprived  of  mountains.  This  analogy  between  the 
eastern  coasts  of  Asia  and  America  sufficiently  proves,” 
continues  Humboldt,  “  that  the  inequalities  of  the  seasons, 
depend  on  the  prolongation  and  enlargement  of  continents 
toward  the  pole ;  on  the  size  of  seas  in  relation  to  their 
coasts ;  and  on  the  frequency  of  the  north-west  winds  ; 
and  not  on  the  proximity  of  some  plateau,  or  elevation,  of 
the  adjacent  lands.  The  great  table  lands  of  Asia  do  not 
stretch  beyond  52°  of  latitude ;  and  in  the  interior  of  the 
new  continent,  all  the  immense  basin,  bounded  by  the 
Alleghany  range,  and  the  rocky  mountains,  is  not  more 
than  from  656  to  920  feet  above  the  level  of  the  ocean.” 
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The  general  temperatures  of  the  northern,  and  of  the 
southern  hemispheres,  are  understood  to  differ  very  con¬ 
siderably.  This  difference,  however,  does  not  depend 
on  any  material  difference  in  the  proportion  of  heat 
and  light  derived  from  the  sun,  as  will  presently  be 
shown  ;  but  on  the  very  unequal  distribution  of  sea  and  of 
land,  in  the  two  hemispheres ;  the  small  quantity  of  land 
in  the  southern  hemisphere,  contributing  to  equalize  the 
seasons. 

Humboldt  has  shown,  that  near  the  equator,  and  indeed 
so  far  south  as  40°  or  50°,  the  similar  Isothermal  lines  are 
in  both  hemispheres  almost  equally  distant  from  the 
poles ;  and  that,  in  considering  only  the  transatlantic 
climates  between  70°  and  80°  of  west  longitude,  the  mean 
temperatures  of  the  year,  under  corresponding  geographic 
parallels,  are  even  warmer  in  the  southern  than  in  the 
northern  hemisphere.  It  is  the  division  of  heat,  therefore, 
between  the  different  seasons  of  the  year,  rather  than  the 
absolute  amount  of  heat  during  the  whole  year,  which 
gives  a  peculiar  character  to  southern  climates;  and 
approximates  them  generally  to  the  character  of  insular 
climates.  The  mean  temperature  is  not  precisely  known 
beyond  51°  of  south  latitude  ;  yet  there  is  no  reason  to 
believe,  that  the  Isothermal  line  of  32°  is  much  further 
from  the  south  pole,  than,  in  the  opposite  hemisphere,  the 
similar  line  is  from  the  north  pole:  and  some  circum¬ 
stances  at  first  sight  appear  to  show,  that  the  Isothermal 
line  of  32°  is  even  nearer  to  the  south  pole,  than  it  is  to 
the  north  pole ;  though  these  circumstances  are  probably 
deceptive.  W ith  respect  to  the  temperature  of  the 
south  pole  itself,  like  that  of  the  north  pole,  we  have  no 
means  of  forming  an  accurate  estimate.* 

*  Further  interesting  details  respecting  the  temperature  of  the 
southern  hemisphere  will  be  found  in  the  narratives  of  recent  voyages. 
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Such  is  a  summary  account  of  the  general  distribution 
of  temperature,  over  the  northern  and  southern  hemi¬ 
spheres.  Now,  amidst  the  infinite  changes  everywhere 
going  on,  there  is  nevertheless,  at  the  same  place,  a  cer¬ 
tain  average  state  of  things,  which  taken  together,  consti¬ 
tute  what  is  called  the  climate  of  the  place.  Of  climate, 
undoubtedly,  temperature  is  the  most  important  ingre¬ 
dient.  But  the  circumstances,  besides  mere  temperature, 
which  enter  into  the  formation  of  climate,  are  so  numerous 
and  diversified  ;  and  their  operation,  in  consequence,  is  so 
complicated ;  that  it  becomes  exceedingly  difficult  to 
unravel,  and  display  them  in  a  satisfactory  manner.  The 
constituents  of  climate,  however,  appear  to  be  most 
naturally  divided  into  two  great  sections ;  viz. 

Constituents  of  climate  of  a  primary  kind ,  depending 
on  the  globular  figure  of  the  earth ;  on  its  motion  in  its 
orbit ,  and  on  its  motion  on  its  axis  :  and 

Constituents  of  climate  of  a  secondary,  or  subsidiary 
kind ,  more  immediately  connected  with  the  globe  itself  and 
depending  on  the  nature  of  its  surface ,  as  composed  of 
land  or  water  ;  or,  as  connected  with  its  atmosphere. 

Under  these  two  divisions,  we  purpose  to  consider  the 
subject  of  Climate,  in  the  following  chapters. 
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CHAPTER  IV. 


OF  THE  PRIMARY  CONSTITUENTS  OF  CLIMATE  :  OR,  OF  THE 
TEMPERATURE  OF  THE  EARTH,  AS  DEPENDENT  ON  ITS 
GLOBULAR  FORM  ;  AND  ON  ITS  ANNUAL  AND  DIURNAL 
MOTIONS. 

The  distance  of  the  earth  from  the  sun  is  such  that 
the  solar  rays  may  be  supposed  to  arrive  at  the  earth’s 
surface  in  a  state  of  parallelism.  Now,  when  parallel  rays 
fall  upon  a  gdobe,  it  is  obvious,  that  any  number  of  such 
rays  falling  perpendicularly,  as  at  the  equator  of  our  earth, 
will  occupy  a  very  different  portion  of  the  surface  of  the 
globe  ;  from,  what  an  equal  number  of  the  same  rays  will 
occupy,  where  they  fall  obliquely,  as  in  our  polar  regions. 
Hence,  as  we  recede  from  the  equator  toward  each  pole, 
heat  and  light  are  diffused  over  gradually  increasing  por¬ 
tions  of  the  earth’s  surface ;  and  thus  the  intensity  of  both 
decreases  in  a  like  proportion.  The  exact  law  of  such 
decrease  is  well  known  to  mathematicians,  but  need  not 
be  here  stated.  For  our  present  purpose  it  is  sufficient 
to  observe,  that  among  the  natural  causes  affecting  the 
distribution  of  heat  and  light  in  different  latitudes,  the 
globular  figure  of  the  earth  is  the  principal. 

The  second  great  natural  cause  of  the  unequal  distribu¬ 
tion  of  heat  and  light  over  the  earth,  is  the  obliquity  of 
the  earth’s  motion  in  its  orbit,  with  respect  to  the  plane 
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of  its  equator.  From  this  obliquity  it  happens,  that, 
during  the  annual  revolution  of  the  earth  round  the  sun, 
every  part  of  its  surface,  between  the  latitudes  of  23i  ° 
north  and  south  from  the  equator,  is  in  turn  exposed  to 
the  perpendicular  influence  of  the  sun.  To  this  oblique 
motion  of  the  earth  in  its  orbit,  we  owe  the  endless  varia¬ 
tions  and  vicissitudes  of  seasons  in  different  latitudes. 

There  is  also  another  circumstance  connected  with  the 
earth’s  motion  in  its  orbit,  which,  as  partaking  of  the  cha¬ 
racter  of  a  primary  cause,  may  here  be  briefly  noticed. 
The  earth’s  orbit  is  not  a  circle,  but  an  ellipse,  of  which 
the  sun  occupies  one  of  the  foci.  Now,  it  has  been  so 
arranged,  that  in  the  middle  of  our  winter,  the  earth  is  in 
that  part  of  its  orbit,  which  is  nearest  to  the  sun.  The 
earth,  therefore,  is,  at  Christmas,  actually  about  three 
millions  of  miles  nearer  to  the  sun,  than  at  Midsummer. 
Hence  it  might  be  inferred,  that  the  temperature  of  the 
southern  hemisphere,  which  during  our  winter  is  directly 
exposed  to  the  sun,  would  be  affected  by  this  greater 
proximity.  Such,  however,  is  not  the  case ;  for  this 
greater  proximity  to  the  sun,  is  almost  exactly  counter¬ 
balanced,  by  the  swifter  motion  of  the  earth  along  this 
part  of  its  orbit.  The  eccentricity  of  the  earth’s  orbit, 
therefore,  has  little  or  no  influence  on  its  temperature,  as 
at  first  sight  might  be  supposed.* 

*  Or,  to  quote  the  more  precise  explanation  of  Sir  J.  Herschel, 
“  The  momentary  supply  of  heat  received  by  the  earth  from  the  sun, 
varies  in  the  exact  proportion  of  the  angular  velocity,  that  is  of  the 
momentary  increase  of  longitude.  Hence  the  greater  proximity  of  the 
sun  in  the  winter,  is  exactly  compensated  for,  by  the  earth’s  more  rapid 
motion ;  and  thus  an  equilibrium  of  heat,  is,  as  it  were,  maintained. 
"Were  it  not  for  this,  the  eccentricity  of  the  orbit  would  be,  to  exaggerate 
the  difference  of  summer  and  winter  in  the  southern  hemisphere,  and 
to  moderate  it  in  the  northern  ;  thus  producing  a  more  violent  alterna¬ 
tion  of  climate  in  the  one  hemisphere,  and  an  approach  to  perpetual 
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The  third  great  natural  cause  affecting  the  distribu¬ 
tion  of  heat  and  light  over  the  earth,  is  the  earth’s  revo¬ 
lution  on  its  axis.  To  this  revolving  motion,  we  owe  the 
innumerable  minor  vicissitudes  of  temperature,  and  of 
light  and  shade,  daily  and  hourly  experienced  throughout 
the  world. 

Such  are  the  three  great  natural  causes  which  regulate 
the  distribution  of  heat  and  light  over  our  globe.  They 
may  be  considered  as  the  necessary  results  of  more  general 
laws,  to  which  the  Great  Author  of  nature  has  chosen  to 
restrict  himself ;  and  to  which,  as  usual,  He  most  rigidly 
adheres.  Why,  among  the  numerous  possible  means  by 
which  heat  and  light  might  have  been,  and  in  other  in¬ 
stances  are,  distributed  from  a  central  sun  over  a  distant 
planet ;  these  regulating  causes  have  been  selected  for  our 
earth,  is  absolutely  unknown  to  us.  We  cannot  hesitate 
to  believe  that  this  selection  has  been  made  with  some 
ulterior  view;  and  one  such  view  or  purpose,  may  have 
been,  to  demonstrate  to  us  His  wisdom  and  His  power, 
by  the  methods  chosen,  for  obviating  the  difficulties 
necessarily  resulting  from  these  primary  arrangements. 
In  other  planets,  where  other  primary  arrangements  for 
the  distribution  of  heat  and  light  have  been  adopted ;  there 
are  probably  other  modes  of  obviating  the  difficulties 
arising  from  them.  Of  such  arrangements  we  can  form 
no  conception;  but  to  the  inhabitants  of  these  planets, 
they  are  doubtless  an  equal  evidence  of  the  wisdom  and 
the  power  of  the  Deity, 

spring  in  the  other.  As  it  is,  however,  no  such  inequality  subsists  ;  but 
an  equal  and  impartial  distribution  of  heat  and  light  is  accorded  to 
both.”  Treatise  on  Astronomy,  p.  198,  (Cabinet  Cyclopaedia) . 
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OF  THE  SECONDARY,  OR  SUBSIDIARY  CONSTITUENTS  OF 
CLIMATE  :  COMPREHENDING  A  SKETCH  OF  THOSE  CIR¬ 
CUMSTANCES  CAPABLE  OF  INFLUENCING  CLIMATE,  WHICH 
ARE  MORE  IMMEDIATELY  CONNECTED  WITH  THE  SUR¬ 
FACE  OF  THE  EARTH,  AS  CONSISTING  OF  LAND  OR 
WATER  ;  OR  WHICH  ARE  CONNECTED  WITH  THE  AT¬ 
MOSPHERE. 

In  the  preceding  chapter  we  have  alluded  to  the  diffi¬ 
culties,  or  exigences  necessarily  arising  from  the  modes  in 
which  heat  and  light  are  distributed  over  our  earth ;  and 
of  these  modes  of  distribution,  before  we  proceed,  it  may 
be  proper  to  specify  some  of  the  most  striking. 

Had  the  heat  and  light  derived  from  the  sun  to  the 
earth,  not  been  in  any  way  modified  ;  the  equatorial  and 
the  polar  regions  would  have  been  alike  inaccessible  to 
organic  life.  The  heat  within  the  tropics,  and  the  cold 
toward  the  poles,  would  both  have  been  destructive; 
while  the  intermediate  regions  would  have  been  exposed 
to  a  constant  succession  of  violent  and  sudden  alternations 
of  temperature,  which  would  have  rendered  the  present 
state  of  things  no  less  an  impossibility.  In  order,  there¬ 
fore,  to  render  this  earth  an  appropriate  dwelling-place  for 
such  beings  as  at  present  occupy  its  surface,  it  was  neces¬ 
sary  that  these  extremes,  and  sudden  vicissitudes  of  tern- 
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perature  should  be  in  some  way  diminished  or  alleviated. 
Accordingly,  the  regulation  of  the  temperature  of  our  globe 
has  been  effected  with  the  most  consummate  wisdom. 
Indeed,  some  of  the  most  splendid  instances  of  design  in 
nature,  are  offered  by  those  subsidiary  arrangements,  by 
which  the  difficulties,  necessarily  arising  from  the  primary 
arrangements,  are  obviated  and  mitigated ;  and  by  which 
the  greater  portion  of  the  earth’s  stirface,  has  been  made 
accessible  to  organic  beings  of  the  same  general  character. 
These  subsidiary  arrangements  it  will  be  our  business  to 
explain  in  the  present  chapter. 

The  secondary  or  subsidiary  constituents  of  climate 
naturally  divide  themselves  into  two  great  sections  ;  viz., 
Constituents  of  climate  connected  ivith  the  surface  of  the 
earth ,  as  composed  of  land  and  water ;  and  constituents  of 
climate  connected  with  the  atmosphere. 

In  the  following  outline  of  these  two  great  divisions  of 
the  secondary  constituents  of  climate,  we  have  endeavoured, 
as  usual,  to  elucidate  principles  rather  than  to  enter  into 
details  ;  and,  as  far  as  is  compatible  with  a  general  and 
popular  view,  have  attempted  to  point  out  the  modes,  in 
which  the  laws  of  light  and  heat,  described  in  the  first 
Book,  operate ;  so  as  to  produce  the  phenomena  of 
climate. 


SECONDARY  CONSTITUENTS  OF  CLIMATE.  223 


Section  I. 

Of  the  secondary  Constituents  of  Climate ,  immediately 
connected  with  the  Surface  of  the  Earth  ;  and  depend¬ 
ing  on  the  Nature  of  that  Surface  as  composed  of  Land 
or  Water. 

In  attempting  .to  illustrate  the  operation  of  the  laws 
of  heat  and  light  in  the  formation  of  climate,  we  shall 
invert  the  order,  in  which  these  laws  were  discussed  in 
the  previous  chapters ;  that  is  to  say,  we  shall  first  consi¬ 
der  the  influence  of  heat  and  light,  as  depending  on  their 
latent  and  decomposed  forms ;  and  afterwards,  their  in¬ 
fluence  as  depending  on  their  radiation,  conduction,  and 
convection. 

In  the  prosecution  of  this  difficult  inquiry,  the  first  cir¬ 
cumstance  which  naturally  claims  our  attention,  is  the 
absolute  quantity  of  heat  and  light,  derived  from  the  sun 
to  the  earth. 

1.  Of  the  Proportion  of  Solar  Heat  and  Light ,  which 
actually  arrives  at  the  Surface  of  the  Earth.  Of  the  ab¬ 
solute  quantity  of  heat  and  light  derived  from  the  sun  to 
our  globe,  we  have  no  means  of  forming  an  exact  estimate. 
M.  Pouillet  has  attempted  to  show,  that  the  amount  of 
heat  annually  received  by  the  earth  from  the  sun,  is  equal 
to  the  heat  which  would  be  required  to  melt  a  stratum  of 
ice  nearly  forty-six  feet  thick,  and  covering  the  whole 
surface  of  the  earth.  This  estimate,  however,  is  to  be 
viewed  only  as  a  rude  approximation.*  The  difficulty 

*  Elemens  de  Physique  experimentale  et  de  M^teorologie,  tom.  ii. 
p.  704.  M.  Pouillet  has  more  recently  estimated  the  amount  of  heat 
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consists,  not  only  in  the  impracticability  of  forming  pre¬ 
cise  notions  of  the  heat  and  light,  which  actually  arrive 
at  any  given  place  in  a  given  time  ;  but  in  the  utter  im¬ 
possibility  of  forming  even  a  conjecture,  of  those  portions, 
which  become  latent,  or  are  otherwise  lost,  in  the  passage 
of  the  solar  rays  through  the  atmosphere.  The  following 
observations  will  give  some  idea  of  the  absolute  quan¬ 
tity  of  light  and  heat  which  reach  the  earth  ;  but  it  is 
proper  to  apprize  the  reader,  that  the  results  stated,  are 
to  be  considered  as  liable  to  much  uncertainty. 

A  vertical  ray  of  light,  in  its  passage  through  the  clearest 
air,  has  been  calculated  to  lose  at  least  a  fifth  part  of  its 
intensity,  before  it  reaches  the  earth’s  surface.  From  this 
cause,  and  from  the  actual  condition  of  the  atmosphere, 
it  has  been  estimated,  that  under  the  most  favourable 
circumstances  ;  of  a  thousand  rays  emanating  from  the  sun, 
only  378  on  a  medium,  can  penetrate  to  the  surface  of  the 
earth  at  the  equator;  228  at  the  latitude  of  45°;  and  110 
at  the  poles ;  while  in  cloudy  weather,  these  several  pro¬ 
portions  are  a  great  deal  less.# 

The  absorption  of  incident  solar  heat  traversing  the  at¬ 
mosphere  vertically  in  clear  weather,  has  been  estimated 
from  the  mean  of  several  observations,  to  be  about  27*7 
per  cent.f 

At  present,  our  attention  is  solely  directed  to  the  por- 
tions  of  heat  and  light  which  thus  make  their  way  to  the 
earth’s  surface.  On  those  portions  retained  in  the  atmo¬ 
sphere,  we  shall  offer  a  few  remarks  hereafter. 


annually  derived  from  the  sun  as  capable  of  melting  a  stratum  of  ice 
upwards  of  a  hundred  feet  in  thickness  !  A  sufficient  proof  of  the  un¬ 
certainty  of  such  estimates. 

*  Article  Climate  in  the  Encyclopaedia  Britannica. 
t  See  Professor  Forbes’  Meteorological  Report,  p.  64. 
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2.  Of  the  Distribution  of  Heat  and  Light  over  the 
Earth's  Surface  in  the  latent  Form. — The  distribution  of 
heat  and  light  in  the  latent  state  over  the  surface  of  the 
globe,  probably  follows  laws,  nearly  similar  to  the  laws 
which  regulate  the  distribution  of  sensible  heat  and  light, 
formerly  mentioned ;  that  is  to  say,  the  quantity  latent, 
like  the  quantity  sensible,  diminishes  from  the  equator 
toward  the  poles.  We  want,  however,  the  necessary 
data,  even  for  forming  an  opinion,  much  more  for  deter¬ 
mining  the  amount  and  the  exact  law  of  distribution ; 
a  subject  which  must  be  left  for  future  inquirers.  But 
of  the  infinite  importance  of  the  latency  of  heat,  in  the 
economy  of  nature,  the  following  brief  remarks  will  serve 
to  convey  some  notion. 

Let  us  take  the  familiar  instance  of  water ;  the  fluid 
which  displays  the  influence  of  the  latency  of  heat 
perhaps  in  a  more  striking  manner  than  any  other  sub¬ 
stance  in  nature.  We  formerly  showed,  that  the  tempe¬ 
rature  of  water  in  becoming  solid  on  the  one  hand,  and 
gaseous  on  the  other,  makes,  as  it  were,  a  pause  ;  and  that 
its  changes  never  take  place  abruptly.  The  consequence  of 
this  arrangement  is,  that  ice  and  vapour  are  formed  slowly 
and  gradually ;  and  as  slowly  and  gradually  again  become 
water ;  while  sudden  transitions  from  one  state  to  the 
other  are  thus  entirely  prevented.  Were  it  not  for  this 
beautiful  provision,  we  should  be  constantly  liable  to  in¬ 
undations,  and  other  inconveniences,  which  would  have 
rendered  the  world  absolutely  uninhabitable.  It  is  impos¬ 
sible,  therefore,  to  reflect  on  the  arrangement  itself ;  or  on 
the  means  by  which  it  has  been  effected  ;  without  being 
impressed  with  the  most  profound  admiration,  not  only  of 
the  wisdom  of  the  Great  Designer  of  the  whole ;  but  of 
His  goodness  and  benevolence. 
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3.  Of  the  General  Distribution  of  Electricity  and 
Magnetism  over  the  Earth.  —  The  discovery  of  the  con¬ 
nexion  of  electricity  and  magnetism,  formerly  detailed, 
has  thrown  much  light  on  the  distribution  of  these  impor¬ 
tant  agencies  over  the  globe :  the  present  extent  of  our 
knowledge  regarding  them,  will  be  comprehended  by  the 
general  reader,  from  the  following  summary. 

Every  one  is  acquainted  with  the  ordinary  phenomena 
of  a  magnetic  needle  freely  suspended,  and  with  its  ten¬ 
dency  to  assume  a  position  more  or  less  aj^proaching 
parallelism  to  the  earth’s  axis  ;  that  is  to  say  ;  all  over  the 
world,  a  magnetic  needle  points  nearly  north  and  south. 
Most  persons,  probably,  are  also  acquainted  with  the  phe¬ 
nomenon  termed  the  dip  or  inclination  of  the  magnetic 
needle  :  thus,  in  the  latitude  of  London,  a  needle  exactly 
poised  and  freely  suspended,  instead  of  assuming  a  hori¬ 
zontal  position,  will  settle  at  an  angle  of  70°  to  the  horizon, 
the  north  pole  being  downwards.  If  we  carry  such  a 
needle  southward,  toward  the  equator,  wTe  observe  that  the 
dip  gradually  diminishes  ;  till  at  a  certain  point,  nearly 
coinciding  with  the  earth’s  equator,  the  needle  has  no  dip  at 
all,  but  assumes  a  perfectly  horizontal  position.  As  we  still 
proceed  toward  the  south,  the  dip  again  makes  its  ap¬ 
pearance,  but  in  an  opposite  direction,  the  south  pole 
of  the  needle  now  being  downwards.  To  understand  the 
reason  of  this  dip  of  the  magnetic  needle  and  of  its  general 
direction,  we  have  only  to  consider  that  the  earth  itself 
operates  like  a  great  magnet,  the  poles  of  which  are 
situated  beneath  its  surface.  The  directive  property  of 
the  needle  is  owing  to  these  poles  ;  and  when  the  needle 
is  on  the  north  side  of  the  equator,  the  north  pole  of  the 
earth  having  the  greatest  effect,  the  needle  is  attracted 
downwards,  toward  the  north  pole ;  hence,  exactly  over 
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the  magnetic  pole,  the  needle  would  be  vertical.  Similar 
phenomena  happen  in  the  southern  hemisphere  ;  but  here 
the  south  pole  predominates,  and  of  course,  depresses  the 
corresponding  pole  of  the  needle  ;  while,  at  the  magnetic 
equator,  from  the  equal  action  of  both  poles,  the  needle 
will  assume  an  exactly  horizontal  position.  It  may  be 
remarked,  that  neither  the  magnetic  poles,  nor  the  mag¬ 
netic  equator,  coincide  exactly  with  the  poles  and  equator 
of  the  earth  ;  and  that  this  non-coincidence  is  owing  to, 
or  rather  constitutes,  what  is  termed  the  variation  of  the 
needle  ;  which  is  not  only  different  in  different  parts  of 
the  world  ;  but  appears  to  be  liable,  in  every  part  of  the 
world,  to  periodical  differences  at  present  not  well  under¬ 
stood.  Such  are  the  principal  phenomena  of  the  magnetic 
needle,  as  demonstrative  of  the  earth’s  magnetic  opera¬ 
tion  ;  we  shall  attempt  to  illustrate  these  phenomena  a 
little  further. 

We  have  mentioned,  that  the  earth  may  be  considered 
as  acting  like  a  great  magnet.  Now,  we  have  already 
shown,  that  when  a  magnetic  needle  is  in  its  natural  posi¬ 
tion  of  north  and  south,  there  exist  electrical  currents  in 
planes  at  right  angles  to  the  needle,  descending  on  its  east 
side,  passing  under  it  from  east  to  west,  and  ascending  on 
its  west  side.  Hence,  we  must  suppose  currents  of  elec¬ 
tricity  to  circulate  within  the  earth,  more  especially  near 
its  surface,  and  to  be  constantly  passing  from  east  to  west, 
in  planes  parallel  to  the  magnetic  equator ;  which  elect ri- 
)  cal  currents,  if  such  can  be  demonstrated  to  exist,  will  in 
their  turn  completely  account  for  the  magnetic  directive 
property  of  the  earth.  The  next  question  is,  therefore, 
how7  far  wTe  are  justified  in  assuming  the  existence  of  such 
electric  currents  within  the  earth  ? 

In  a  former  chapter  we  alluded  to  the  phenomena  of 
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wliat  has  been  termed  thermo-electricity  ;  that  is  to  say, 
electricity  (and  magnetism)  developed  by  the  unequal 
distribution  of  heat  through  bodies.  Now,  whether  the 
phenomena  of  thermo-electricity  actually  depend  on  the 
decomposition  of  heat,  latent  or  sensible,  or  on  any 
other  cause,  is  of  little  moment ;  the  phenomena  them¬ 
selves  are  well  established ;  and  they  seem  to  account  in 
the  most  satisfactory  manner,  for  the  general  distribution 
of  electricity  and  magnetism  over  the  earth.  The  expla¬ 
nation  is  this. 

The  earth  during  its  diurnal  motion  on  its  axis  from 
west  to  east,  has  its  surface  successively  exposed  to  the 
solar  rays  in  an  opposite  direction,  or  from  east  to  west. 
The  surface  of  the  earth,  therefore,  particularly  between 
the  tropics,  will  be  heated  and  cooled  in  succession, 
from  east  to  west,  and  currents  of  electricity,  on  thermo¬ 
electric  principles,  will  at  the  same  time  be  established  in 
that  direction :  now  these  currents  once  established  from 
east  to  west,  will,  of  course,  give  occasion  to  the  mag¬ 
netism  of  the  earth  from  north  to  south.  Hence  the 
magnetic  directive  power  of  the  earth,  in  a  direction 
nearly  parallel  with  its  axis,  is  derived  from  the  thermo¬ 
electric  currents,  induced  in  its  equatorial  regions  by  the 
unequal  distribution  of  heat  there  present;  and  depending 
principally  on  the  diurnal  motion  of  the  earth. 

These  observations  evidently  show,  that  the  operations 
of  nature  are  more  extraordinary,  and  indicate  more 
of  simplicity  and  wisdom  of  design,  in  proportion  as 
they  are  investigated.  By  what  simple  expedients,  when 
known,  are  those  wonderful  phenomena  of  the  earth's 
electricity  and  magnetism  produced,  which  formerly  ap¬ 
peared  so  anomalous  and  perplexing!  And  what  en¬ 
couragement  do  not  such  discoveries  hold  out  to  us, 
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respecting  future  discoveries,  which  may  allow  still  further 
insight  into  the  operations  of  the  Great  Architect  of  the 
universe ! 

4.  Of  the  Distribution  of  Light  over  the  Earth ,  in 
the  decomposed  Form.  Every  one  is  acquainted  with 
the  general  fact,  that  the  most  splendid  exhibitions  of 
colours  of  every  variety,  are  seen  in  the  warmer  cli¬ 
mates  ;  and  that  the  tints  of  natural  objects,  generally 
speaking,  become  more  sad  and  faded,  as  we  approach  the 
colder  regions ;  till  they  merge  into  the  white  of  the 
polar  snows.  Most  persons,  also,  are  aware  of  the  well 
known  circumstances  attending  the  total  abstraction  of 
light  from  plants  and  animals ;  and  that  they  thus  be¬ 
come  more  or  less  white,  or  etiolated.  Hence,  we  need 
scarcely  do  more  than  remind  the  reader,  of  what  must  be 
already  familiar  to  him,  viz.,  that  the  decided  colours  of 
tropical  productions  of  every  kind ;  whether  we  consider 
the  gaudy  plumage  of  the  birds  ;  or  the  variegated  adorn¬ 
ment  of  the  fishes  and  insects,  &c.,  are  so  predominant 
as  to  be  quite  characteristic  of  these  climates.  In  the 
higher  latitudes,  also,  where  the  contrast  between  the 
summer  and  winter  seasons  is  very  great,  the  colours  of 
some  animals  vary  with  the  seasons;  being  in  the  sum¬ 
mer  generally  of  some  dark  hue,  but  in  the  winter  nearly 
white ;  while  still  further  in  the  polar  regions,  all  is 
more  or  less  white  ;  and  the  natural  covering  of  the  earth, 
snow,  is  the  whitest  body  in  nature. 

Putting  out  of  sight,  the  great  importance  of  the 
colours  of  objects,  which  will  be  more  appropriately  spoken 
of  afterwards ;  it  may  be  remarked  here,  that  colours 
have  usually  been  considered  as  offering  to  us,  a  striking 
instance  of  the  benevolence  of  the  Deity.  Colours  are 
universally  agreeable  to  mankind ;  the  most  incurious 
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and  ignorant  being  attracted  by,  and  delighted  with, 
showy  displays  of  them.  Now,  all  this  pleasure  is  the 
gratuitous  gift  of  the  Creator;  and  places  his  benevo¬ 
lence  in  the  strongest  possible  point  of  view.  There 
was  no  reason  why  man  should  have  distinguished  co¬ 
lours  at  all,  much  less  have  been  delighted  with  them  : 
but  what  is  the  fact  ?  not  only  are  we  gifted  with  organs 
exquisitely  sensible  to  the  beauty  of  colours ;  but,  as  if 
solely  to  gratify  this  feeling,  the  whole  of  nature,  from 
the  highest  to  the  lowest  of  her  productions,  forms  one 
gorgeously  coloured  picture ;  in  which  every  possible 
tint,  is  contrasted  or  associated  in  every  possible  man¬ 
ner.  Is  there  a  human  being  who  can  witness  the 
splendid  colouring  of  the  atmosphere  above  him  by 
the  setting  sun ;  who  can  witness  the  beauty  and  endless 
variety  of  tint  displayed  by  every  object  of  the  landscape 
around  him,  down  to  the  minutest  insect  or  flower  or 
pebble  at  his  feet :  who  is  conscious  of  the  pleasure  he 
derives  from  these  objects ;  and  who  reflects,  that  this 
pleasure  was  not  necessary  to  his  existence,  and  might  have 
been  withheld  ?  Is  there,  we  ask,  a  human  being  who  duly 
considers  all  these  things;  and  who  will  dare  to  assert, 
that  the  Being  who  made  them  all  is  not  benevolent? 

5.  Of  the  Laics  of  Absorption ,  Radiation ,  and  Refec¬ 
tion  of  Heat  and  Light.  —  These  laws  as  applied  to  the 
earth  generally,  are  at  present  but  very  imperfectly  as¬ 
certained.  We  shall  confine  ourselves,  therefore,  to  a 
simple  account  of  the  little  we  know  about  them. 

The  reader  will  bear  in  mind  what  was  formerly  stated, 
that  the  absorbing  power  of  bodies  with  respect  to  heat, 
and  perhaps  light  also,  is  directly  as  their  radiating  power, 
and  inversely  as  their  reflecting  power.  Such  is  the 
general  opinion ;  and,  as  far  as  solar  heat  and  light  are 
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concerned,  this  opinion  appears  to  be  well  founded ;  but 
we  shall  see  presently,  that  there  are  strong  reasons  for 
suspecting,  that  the  radiating  power  does  not  always  fol¬ 
low  the  same  law,  as  the  absorbing  power. 

Mr.  Daniell  has  attempted  to  show,  that  the  absorp¬ 
tion,  and  radiation,  of  solar  heat,  increase  as  we  proceed 
from  the  equator  toward  the  poles.  Thus,  in  a  tropical 
climate,  and  under  a  vertical  sun,  the  greatest  extent  of 
the  difference  between  two  thermometers,  the  one  covered 
with  black  wool,  and  exposed  to  the  direct  rays  of  the 
sun,  in  order  that  it  may  absorb  to  the  utmost  the  inci¬ 
dent  heat ;  and  the  other,  uncovered  in  the  shade,  is  no 
more  than  about  47° ;  while  two  thermometers,  similarly 
circumstanced,  in  the  middle  of  summer,  in  London,  give 
a  difference  of  65° ;  and  in  the  Arctic  regions,  the  differ¬ 
ence  often  amounts  to  90°  at  least :  so  that  in  the  Arctic 
regions,  there  is  twice  as  much  heat  and  light  absorbed 
under  similar  circumstances,  as  there  is  in  the  tropical 
regions.  The  same  writer  has  also  attempted  to  show 
(what  might  have  been  inferred  indeed  from  the  assumed 
relation  between  the  absorption  and  radiation  of  heat 
above  stated),  that  the  radiation  of  heat  from  the  earth’s 
surface  obeys  similar  laws ;  that  is  to  say,  that  the  quan¬ 
tity  radiated  from  the  earth,  increases  from  the  equator 
toward  the  poles. 

Laws  somewhat  analogous,  and  which,  when  they  are 
better  understood,  will  probably  throw  much  information 
upon  these  phenomena,  seem  to  hold  with  respect  to  light. 
Thus  we  formerly  mentioned  that  when  a  ray  of  light  falls 
upon  fluids,  transparent  bodies,  or  metals,  the  quantity  re¬ 
flected  increases  with  the  angle  of  incidence  reckoned  from 
the  perpendicular ;  while  the  quantity  absorbed,  of  course, 
decreases  in  the  same  proportion :  but  that  on  the  con¬ 
trary,  when  a  ray  falls  upon  white  opake  bodies,  the 
quantity  reflected  decreases  as  the  angle  oi  incidence  in- 
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creases ;  while,  of  course,  the  quantity  absorbed,  increases 
in  the  like  proportion.  Hence  if  heat  follow  the  same 
law,  it  is  evident  that  the  quantity  of  heat  absorbed  by 
the  earth  from  the  solar  rays,  must  increase  from  the 
equator  toward  the  poles ;  that  is  to  say,  according  to 
the  opinion  of  Mr.  Daniell,  as  the  angle  of  their  in¬ 
cidence  increases.  It  is  proper,  however,  to  observe  that 
Mr.  Danielfs  views  have  been  called  in  question,  and  that 
some  late  observations  made  in  high  latitudes  do  not  en¬ 
tirely  corroborate  them.* 

There  is  reason  to  believe,  that  the  absorption  (and 
perhaps  the  radiation)  of  heat  and  light,  under  some  of  its 
modifications,  are  much  influenced  by  polarization,  and 
therefore  by  certain  angles  of  incidence  and  reflection ; 
and  that  these  circumstances,  in  consequence,  have  much 
to  do  with  the  distribution  of  heat  and  light,  particularly 
in  the  higher  latitudes. 

We  have  permitted  these  observations  to  remain  as  re¬ 
lating  to  a  subject  of  great  interest  to  Meteorologists,  but 
requiring  elucidation.  The  phenomena  are  evidently  of 
a  complex  character;  and  before  we  can  form  a  just  esti¬ 
mate  either  of  the  separate  or  conjoint  effects  of  the 
various  causes  in  operation,  the  phenomena  must  be  un¬ 
ravelled,  and  separately  investigated.  Careful  experiments 
with  Sir  J.  Herschefs  Actinometer  in  different  latitudes, 
would  doubtless  throw  much  light  on  certain  parts  of  the 
inquiry. 

*  We  allude  here  to  the  observations  made  in  those  regions,  and 
given  in  the  appendix  to  Captain  Franklin’s  Second  Journey,  by  Dr. 
Richardson,  Captain  Back,  and  Lieutenant  Kendal.  In  these  observa¬ 
tions  Dr.  Richardson  states  that  the  radiation  was  much  stronger  in  the 
spring  months,  when  the  yround  was  covered  with  snow ,  than  in  the 
summer  months,  when  the  altitude  of  the  sun  was  greatest.  Dr.  Rich¬ 
ardson  ascribes  this  greater  radiation  to  the  greater  clearness  of  the 
air  at  these  seasons  ;  but  were  there  no  other  reasons  ? 
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In  noticing  the  influence  of  different  colours  ou  the 
absorption  and  reflection  of  heat  and  light,  we  stated  that 
black  and  dark  colours  generally  absorb  most  and  reflect 
least;  and  vice  versa ,  that  white  and  light  colours,  reflect 
most  and  absorb  least.  We  now  proceed  to  illustrate 
this  interesting  subject,  by  considering  the  following 
questions.  Why  does  whiteness  prevail  in  the  Polar 
regions  ?  Why,  for  instance,  is  snow  white  ?  On  the 
contrary,  why  are  all  sorts  of  bright  and  decided  colours 
met  with  in  tropical  climates,  except  whiteness,  which 
is  comparatively  rare  ?  Might  not  snow  have  been 
black  instead  of  white;  which  was  just  as  likely  if  its 
colour  had  been  the  result  of  accident  ?  or  might  not 
whiteness  have  been  predominant  under  the  equator  ? 
Perhaps  the  best  mode  of  answering  these  questions,  and 
of  placing  the  subject  in  a  striking  view,  is  to  examine 
what  would  have  been  the  consequence,  if  whiteness  had 
prevailed  under  the  equator  and  blackness  at  the  poles. 

Since  heat  and  light  are  supposed  to  obey  nearly  the 
same  laws,  as  far  as  absorption,  radiation  and  reflection 
are  concerned;  it  is  obvious  that  if  white  had  prevailed 
in  tropical  climates,  almost  all  the  solar  heat  and  light 
there,  instead  of  being  absorbed,  would  have  been  re¬ 
flected,  The  consequence  of  this  reflection  would  have 
been,  that  the  accumulation  of  heat,  and  the  glare  of 
light,  in  the  lower  regions  of  the  atmosphere,  near  the 
surface  of  the  earth,  would  have  been  quite  overcoming; 
and  would  have  rendered  these  regions  uninhabitable,  at 
least  for  the  present  races  of  animals.  The  surface  of  the 
earth,  also,  though  it  would  have  been  heated  slowly, 
would  have  been  overheated  in  time ;  and  at  length 
would  probably  have  become  so  very  hot,  from  its  com¬ 
paratively  low  radiating  powers,  that  the  heat  could  not 
have  been  endured.  As  it  is,  from  the  dark  colour  of  ob- 
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jects  near  the  equator,  the  heat  and  light  of  the  sun, 
there,  are  readily  absorbed,  and  are  as  freely  given  off 
again  by  radiation ;  or  perhaps  the  heat,  like  the  light,  is 
decomposed ;  and  thus  all  things  are  preserved  in  that 
comparatively  moderate  and  nicely  balanced  state,  which 
renders  even  the  hottest  parts  of  the  earth’s  surface 
inhabitable. 

On  the  other  hand,  let  us  consider  for  a  moment  what 
would  have  been  the  consequences,  if  snow  had  been  black; 
or  in  other  words,  if  blackness  had  prevailed  in  the  Polar 
regions.  In  this  case,  all  the  little  light  and  heat  that 
reach  them,  would  have  been  absorbed ;  and  the  effect 
would  have  been  darkness,  more  or  less  complete.  From 
the  rapid  melting  also  of  the  snow,  on  the  least  exposure 
to  heat  and  light,  we  should  have  been  constantly  liable 
to  inundations.  Thus  the  whole  of  the  Polar  regions  of 
the  earth,  would  have  been  one  dark  and  dreary  void,  in¬ 
accessible  to  organic  life.  But  by  the  present  arrange¬ 
ment,  all  these  consequences  are  obviated.  The  white 
snow  absorbs  a  certain  portion  of  light  and  of  heat,  (by  a 
beautiful  provision,  more ,  as  the  angle  of  incidence  in¬ 
creases  ?)  while  so  much  light  is  reflected  as  is  useful,  and 
no  more.*  Thus  the  adjustment  of  the  colours  of  bodies  to 

*  The  reader  will  notice  that,  under  ordinary  circumstances,  white 
reflects  most,  and  of  course  absorbs  and  radiates  least,  solar  heat  and 
light ;  but  if  the  above  remarks  on  light  be  well  founded,  the  absorption 
of  light  (and  heat  ?)  by  white  bodies  increases  with  the  angle  of  inci¬ 
dence.  Now,  as  nothing  of  this  sort  is  known,  or  can  be  well  conceived 
to  happen,  with  respect  to  radiation,  the  doubt  expressed  at  page  231, 
arises,  viz.,  whether,  under  all  circumstances,  the  radiating  and  absorb¬ 
ing  powers  of  bodies  obey  similar  laws,  even  as  far  as  the  solar  rays  are 
concerned.  The  absorption  and  radiation  of  heat  of  low  intensity,  and 
unaccompanied  by  light,  seem  to  depend  more  upon  the  nature  of  the 
surface  than  upon  colour.  It  must  be  admitted,  however,  that  at  pre¬ 
sent  the  whole  of  this  subject  is  involved  in  much  uncertainty. 
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the  circumstances  in  which  they  are  placed,  may  be  ranked 
among  the  finest  expedients  for  obviating  those  minor 
incongruities  necessarily  incidental  to  the  primary  distri¬ 
bution  of  heat  and  light ;  and  presents  altogether  one  of 
the  most  beautiful  instances  of  design,  connected  with  the 
agency  of  light  and  heat. 

Lastly,  it  may  be  worth  while  to  draw  the  attention  of 
the  reader  to  the  striking  contrast  displayed  between  the 
ponderable  and  imponderable  forms  of  matter,  as  to  the 
ease  with  which  they  are  decomposed,  and  the  modes  in 
which  they  exist  in  nature. 

We  have  seen  that  to  preserve  the  homogeneity  and 
integrity  of  ponderable  bodies,  as  of  water  and  air,  elabo¬ 
rate  arrangements  have  been  adopted,  evincing  the  most 
extraordinary  design  and  wisdom ;  because  the  decompo¬ 
sition  or  derangement  of  water  and  air,  would  at  once 
prove  destructive  to  organized  beings.  But,  to  preserve 
the  homogeneity  of  light,  and  perhaps  of  heat  also,  no 
such  care  is  shown ;  because  no  such  care  was  parti¬ 
cularly  necessary.  The  decompositions  of  these  agencies, 
therefore,  are  permitted  to  take  their  natural  course  ;  and 
by  an  admirable  provision,  so  far  are  colours,  &c.  from 
being  injurious  to  us ;  that  they  constitute  some  of  the 
chief  sources  of  our  knowledge  and  happiness. 

6.  Of  the  Conduction  of  Heat  below  the  Earth's  Sur¬ 
face  on  Land.-—  The  soil,  from  a  few  inches  to  a  foot  or 
more  below  the  surface,  participates  very  much  in  the 
fluctuations  of  the  surface  temperature.  In  general, 
perhaps,  it  may  be  stated,  that  the  temperature  of  the 
surface  of  the  earth,  is  a  little  above  the  temperature  of 
the  incumbent  atmosphere  by  day,  and  below  it  by  night ; 
though  much  will  depend,  in  this  respect,  on  the  nature 
of  the  soil ;  on  its  radiating  and  conducting  powers  ;  and 
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on  a  multiplicity  of  other  conditions,  which  will  readily 
occur  to  the  reader.  At  a  certain  distance,  however, 
below  the  surface,  and  varying  with  the  latitude  and  other 
circumstances,  there  must  be  a  determinate  stratum,  where 
the  temperature  is  uniform,  or  nearly  so,  throughout  the 
year.  Experiments  on  this  subject  appear  to  show  that 
the  temperature  of  this  invariable  stratum  coincides  nearly, 
with  the  mean  actual  temperature  of  the  place  ;  and  that 
its  depth  below  the  surface,  in  different  soils  and  in  dif¬ 
ferent  latitudes,  varies  between  fifty  and  one  hundred  feet. 
The  reader  need  scarcelv  be  reminded,  that  the  well 
known  uniformity  of  the  temperature  of  cellars  and  caves, 
depends  chiefly  on  the  two  circumstances  we  are  now  con¬ 
sidering.  As  an  instance  of  the  uniformity  of  temperature 
in  such  places,  it  may  be  mentioned,  that  a  thermometer 
placed  in  the  caves  under  the  observatory  in  Paris,  at  a 
depth  of  about  eighty-five  feet  below  the  surface,  has, 
during  fifty  years,  scarcely  varied  more  than  a  quarter  of 
a  degree  from  11*82°  of  the  centigrade  scale;  equal  very 
nearly  to  53^°  of  Fahrenheit. 

A  few  experiments  have  been  made  to  determine  the 
variation  of  temperature,  throughout  the  year,  at  dif¬ 
ferent  depths  from  the  surface,  dowm  to  the  invariable 
stratum ;  and  the  following  is  a  summary  of  the  results, 
which,  perhaps,  may  be  considered  as  generally  applicable 
to  the  northern  hemisphere. 

In  the  month  of  August,  the  temperature  of  the  earth 
decreases,  in  nearly  a  uniform  manner,  from  a  little  below 
the  surface,  to  the  stratum  of  invariable  temperature.  In 
the  month  of  September,  the  temperature  is  nearly  uniform 
to  fifteen  or  twenty  feet  below  the  surface ;  beyond  which 
depth,  the  temperature  decreases  a  little  and  sloAvly,  to 
the  stratum  of  invariable  temperature.  During  the 
months  of  October,  and  November,  the  temperature  in- 
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ci  eases  from  the  surface,  to  the  depth  of  fifteen  or  twenty 
feet ;  and  below  this  depth,  it  remains  nearly  uniform  to 
the  invariable  stratum.  During  December,  January,  and 
February,  the  temperature,  being  at  its  minimum  upon 
the  surface,  increases  in  a  manner  nearly  uniform,  down¬ 
wards  to  the  invariable  stratum.  During  March,  and 
April,  there  is  a  rapid  decrease  of  temperature  to  the 
depth  of  one  or  two  feet ;  below  this  depth,  the  tempera¬ 
ture  decreases  less  rapidly ;  and  still  lower,  the  tempera¬ 
ture  increases  a  little.  During  the  months  of  May,  June, 
and  July,  the  temperature  being  at  its  maximum,  at  the 
surface,  decreases  downwards,  but  less  rapidly  and  to  a 
greater  depth;  it  then  begins  to  increase  a  little,  till  it 
attains  the  temperature  of  the  invariable  stratum.  The 
rapidity  and  degree,  however,  with  which  these  changes 
take  place,  as  well  as  the  changes  themselves,  appear  to 
fluctuate  very  considerably,  not  only  in  different  places 
under  the  same  Isothermal  line,  but  in  the  same  place  in 
different  seasons.* 

Since  heat  passes  through  the  soil  by  conduction,  it  is 
of  course  extended  in  all  directions :  so  that  heat  may 
be  supposed  to  move  laterally  as  well  as  downwards ; 
and,  generally  speaking,,  the  temperatures  of  contiguous 
sjmts  probably  tend  to  equalize  each  other.  But  on  the 
w  hole,  the  influence  of  the  lateral  extension  of  heat  through 
the  solid  jiarts  of  the  earth  must  be  very  limited. 

7.  Of  the  Extension  of  Heat  and  Light  beloiv  the 
Earths  Surface  in  Water.  Water  is  a  very  imperfect 

*  The  time  required  for  the  passage  of  heat  one  foot  downwards,  lias 
been  found  to  vary  under  different  circumstances  ol  soil,  &c.,  from  four 
to  seven  days. 
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conductor  of  heat,  in  the  usual  acceptation  of  the  term. 
Thus,  almost  any  degree  of  heat  may  be  applied,  for  a 
considerable  time,  to  the  upper  surface  of  a  mass  of 
water,  without  materially  influencing  the  temperature  be¬ 
low  ;  so  imperfectly  and  slowly  is  heat  conducted  through 
this  fluid.  The  process  by  which  heat  is  communicated 
through  water,  we  have  termed  convection.  When  heat 
is  applied  to  the  bottom  of  a  vessel  full  of  water,  the  por¬ 
tion  of  the  water  first  heated,  expands  in  bulk,  and  thus 
becomes  specifically  lighter ;  it  then  rises  to  the  top,  carry¬ 
ing  with  it  the  newly  acquired  temperature ;  while  ano¬ 
ther  cold  portion,  sinking  to  the  bottom,  is  heated  in 
turn  ;  and  so  on,  till  the  whole  mass  becomes  uniformly 
heated. 

With  respect  to  the  passage  of  light  through  water, 
it  has  been  calculated,  that  not  a  tenth  part  of  the  in¬ 
cident  light,  can  advance  five  fathoms  downwards  in  the 
most  translucent  water ;  that  even  of  vertical  rays,  one 
half  is  lost  in  the  first  seventeen  feet ;  and  that  these 
vertical  rays  become  reduced  to  one- fourth  by  traversing 
thirty-four  feet,  which  correspond  to  the  mass  of  an 
atmosphere.  It  thus  follows,  that  only  the  hundred 
thousandth  part  of  the  vertical  rays,  can  penetrate 
below  forty-seven  fathoms;  which  is  scarcely  equal  to 
the  glimmer  of  twilight ;  and  that  the  depths  of  the 
ocean  must  be  always  in  perpetual  darkness.* 

Such  are  the  general  principles  according  to  which 
heat  and  light  pervade  water.  But  in  speaking  of  this 
fluid  in  a  former  chapter,  we  alluded  to  one  of  the  phy¬ 
sical  properties  of  water,  of  the  utmost  importance  in 
the  economy  of  nature,  and  which,  perhaps,  almost  more 


*  Article  Climate,  in  the  Encyclopaedia  Britannica. 
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than  any  tiling  else,  indicates  design ;  since,  like  the  com¬ 
position  of  the  atmosphere,  this  property  of  water  consti¬ 
tutes  an  exception,  as  it  were,  to  a  general  law,  expressly 
directed  to  a  particular  object. 

We  have  mentioned  the  general  law,  that  all  bodies, 
in  every  state  of  aggregation,  expand  by  heat  and  con¬ 
tract  by  cold :  now  water  forms  a  marked  exception 
to  this  law.  Like  other  bodies,  water  continues  to  con¬ 
tract  on  the  removal  of  heat,  till  its  temperature  de¬ 
scends  to  within  a  certain  distance  (7°  or  8°)  from 
its  freezing  point.  At  this  distance,  water  begins  again 
to  expand,  and  the  expansion  continues  till  it  becomes 
ice ;  at  which  moment  of  freezing,  a  sudden  and  con¬ 
siderable  expansion  takes  place.  Hence,  the  specific 
gravity  of  ice,  is  decidedly  less  than  the  specific  gravity 
of  water ;  and  the  solid  necessarily  swims  on  the  sur¬ 
face  of  the  fluid. 

The  importance  of  this  anomalous  property  of  water,  is 
so  great,  that  it  is  doubtful  whether  the  present  order 
of  nature  could  have  existed  without  it ;  even  although 
every  thing  else  in  the  world  had  remained  the  same. 
For  instance,  were  it  not  for  the  comparative  lightness  of 
ice ;  this  solid,  instead  of  beginning  to  be  formed  at  the 
surface  of  water,  would  have  begun  to  be  formed  at  the 
bottom ;  as  the  colder  water  from  its  greater  specific 
gravity,  would  naturally  have  sunk :  for  similar  reasons, 
also,  the  lowest  stratum  of  ice  would  have  been  the  last 
to  have  melted.  Now,  let  us  reflect  for  a  moment  on 
the  consequences  of  such  an  arrangement.  In  the 
northern,  and  even  in  temperate,  climates,  the  bottoms  of 
all  lakes  and  deep  waters  would  have  been  a  mass  of  ice, 
and  totally  inaccessible,  therefore,  to  organized  beings. 
During  the  summer,  a  few  feet  of  the  upper  part  of  the 
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ice  would,  perhaps,  have  been  melted  ;  but  what  little 
had  thus  been  melted  in  summer,  would  again  have 
become  solid  during  winter;  and  as  the  accumulations  of 
ice  would  have  been  constant ;  all  the  seas,  even  perhaps  to 
the  tropical  climates,  at  least  at  their  bottom,  would,  long 
before  this  time,  have  been  a  mass  of  ice  !  But  what  in 
reality  happens?  In  consequence  of  the  above  anoma¬ 
lous  properties  of  water,  this  mischief  is  entirely  pre¬ 
vented  ;  and  not  a  particle  of  ice  can  be  formed  in  a  lake 
or  other  collection  of  water,  till  the  whole  mass  is  cooled 
down  to  the  temperature  of  40° ;  at  which  temperature, 
the  specific  gravity  of  water  is  at  its  maximum. 

These  properties  of  water  operate  in  the  following 
manner.  On  the  application  of  cold  to  the  surface  of 
water,  the  cooled  portion  sinks,  and  its  descent  forces  up 
a  portion  of  warmer  water  to  the  surface,  which  after 
communicating  some  of  its  heat  to  the  superincumbent 
air,  sinks  in  its  turn ;  and  this  process  goes  on  for  a 
greater  or  less  time  according  to  the  depth  of  the  water. 
If  the  depth  be  not  very  considerable,  the  whole  body 
of  the  water  becomes  cooled  down  to  40°;  at  which  tem¬ 
perature  the  specific  gravity  not  increasing,  the  circula¬ 
tion  ceases ;  and  the  surface  of  the  water,  (not  the  bot¬ 
tom)  becomes  at  length,  so  far  cooled,  as  to  be  covered 
with  ice.  If  the  depth  of  the  water  be  considerable,  the 
application  of  cold  may  be  long  continued  without  the 
result  of  freezing ;  hence,  in  this,  and  in  other  countries, 
not  intensely  cold,  it  often  happens,  that  deep  lakes  re¬ 
main  unfrozen  during  the  coldest  winters. 

The  above  anomalous  properties  of  the  expansion  of 
water  and  its  consequences,  we  have  always  viewed  as  pre¬ 
senting  the  most  remarkable  instance  of  design  in  the 
whole  order  of  nature — an  instance  of  something  done 
expressly,  and  almost  (could  we  indeed  conceive  such  a 
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thing  of  the  Deity),  at  second  thought,  to  accomplish  a 
particular  object.  Further,  if  in  conjunction  with  this 
anomalous  property  of  water,  we  take  into  account  the 
still  more  anomalous  constitution  of  atmospheric  air, 
and  at  the  same  time  consider  the  relations  of  water  and 
air  to  organic  existence ;  we  are  unavoidably  impelled 
to  the  conclusion,  that  the  Maker  of  water  and  of  air,  has 
designedly  created  these  anomalies,  to  obviate  difficulties 
which  would  have  rendered  organic  existence  a  physical 
impossibility.  Nor  do  the  suppositions  which  the  sceptic 
will  urge,  that  these  properties  of  water  and  air  flow 
naturally  from  their  constitution,  diminish  the  force  of 
the  argument.  The  force  of  the  argument,  lies,  in  the 
first  place,  in  the  fact,  that  water  and  air  have  been 
created  with  such  anomalous  properties ;  and,  in  the  next 
and  chief  place,  that  these  anomalous  'properties  have  been 
brought  into  action  precisely  where  they  are  required. 
Moreover,  the  argument  is  greatly  strengthened,  by  the 
fact  that  two  anomalies ,  rather  than  that  two  ordinary 
circumstances ,  have  been  thus  expressly  adjusted. 

Having  stated  the  general  principles  on  which  heat  is 
distributed  through  water,  and  its  most  remarkable  con¬ 
sequence  ;  we  are  now  to  enter  into  a  few  details  with 
respect  to  some  other  consequences  of  this  distribution. 
Of  these  consequences  one  of  the  most  striking  is,  that 
the  temperature  of  the  water  at  the  bottom  of  deep 
lakes,  or  inland  seas,  must  remain  nearly  uniform  dur¬ 
ing  the  whole  year.  Thus  it  has  been  found,  that  the 
temperature  of  the  water,  at  the  bottom  of  many  of 
the  lakes  in  Switzerland,  often  varies  no  more  than  3° 
or  4°;  while  the  temperature  of  the  surface,  often  fluc¬ 
tuates  20°  or  30°.  Hence  in  deep  wraters,  in  temperate 
climates,  the  changes  of  temperature  are  chiefly  confined 
to  the  upper  strata  of  the  water;  nor  can  ice  (except 
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from  some  very  sudden  and  powerful  accessions  of  frost) 
be  formed  on  the  surface  of  such  a  lake,  till,  as  before 
observed,  the  whole  of  the  water  in  it,  is  cooled  down  to 
40° ;  at  which  temperature  all  circulation  ceases.  When 
a  coat  of  ice  has  been  once  formed ;  this  ice,  as  we  shall 
see  presently,  has  also  a  powerful  tendency  to  prevent 
the  further  cooling  of  the  inferior  strata. 

With  respect  to  waters  in  motion ,  as  small  streams,  or 
rivers  of  no  great  depth  and  magnitude,  and  containing 
fresh  water ;  though  unfavourably  circumstanced  for 
freezing,  they  do  nevertheless  congeal.  The  process 
usually  commences  at  the  shores,  where  the  water  is 
shallowest,  and  its  motion  is  least  rapid ;  from  whence, 
the  ice  gradually  advances  toward  the  middle  of  the 
stream.  When  the  whole  of  the  surface  has  once  be¬ 
come  fixed,  congelation  goes  on  actively,  particularly  by 
night.  As  the  thickness  of  the  ice  increases,  however, 
the  quantity  added  daily,  even  supposing  the  cold  to  re¬ 
main  the  same,  gradually  diminishes ;  on  account  of  the 
bad  conducting  power  of  ice.  Hence,  in  a  block  of  ice 
taken  from  a  river  or  lake,  we  may  often  observe  the 
strata  corresponding  with  the  daily,  or  rather  nightly  ad¬ 
ditions,  presenting  a  gradually  decreasing  series  from  several 
inches,  down  to  a  few  lines  in  thickness. 

Of  the  Temperature  of  the  Waters  of  the  Ocean  at 
great  Depths. — Between  the  Tropics,  the  temperature  of 
the  ocean  diminishes  with  the  depth ;  in  the  Polar  seas, 
on  the  contrary,  the  temperature  augments  with  the 
depth.  In  the  temperate  seas,  comprised  between  30° 
and  70°  of  latitude,  the  temperature  of  the  water  gra¬ 
dually  decreases  as  the  latitude  increases,  until  about  the 
latitude  of  70°,  where  the  temperature  as  compared  with  the 
latitude  begins  to  rise.  Hence,  about  the  latitude  of  70°, 
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there  exists  a  zone  or  band,  at  which  the  mean  tempera¬ 
ture  of  the  ocean  is  very  nearly  constant  at  all  depths. 
The  temperatures  of  particular  parts  of  the  ocean, 
however,  have  been  observed  to  be  much  influenced 
by  the  depth  and  extent  of  the  water ;  particularly  in  high 
latitudes. 

W e  have  already  mentioned  the  influence  of  the  saline 
matters  of  the  ocean  on  the  freezing  point  of  sea-water  ; 
and  we  now  direct  attention  to  the  important  consequence 
of  this  property,  in  the  economy  of  nature.  In  its  natural 
state,  sea-water  freezes  at  about  28°  or  29° ;  but  when  it 
has  been  concentrated  by  previous  freezing,  the  congeal¬ 
ing  point  is  reduced  to  15°  or  16° :  while  water  saturated 
with  salt,  does  not  freeze  at  a  temperature  above  5°. 
Besides  this  property  of  lowering  the  freezing  point  of 
sea-water,  the  saline  matters  also  increase  its  specific 
gravity ;  and  affect  its  point  of  maximum  density. 
From  these  circumstances,  and  from  the  immense  depth 
and  extent  of  the  waters  of  the  ocean,  they  resist  freezing 
still  more  effectually  than  even  running  fresh  water ;  and 
are  indeed  rarely  frozen,  except  in  latitudes  where  the 
most  intense  and  unremitting  cold  prevails. 

Of  the  under  Currents  of  the  Ocean ,  existing  between  the 
Equatorial  and  the  Polar  Regions. — That  the  diminished 
temperature  of  the  ocean,  at  great  depths  near  the 
equator,  could  not  have  been  acquired  in  the  torrid  zone, 
is  evident :  nor,  on  the  other  hand,  could  the  comparatively 
high  temperature  of  the  waters,  at  the  bottom  of  the 
Polar  seas,  have  been  acquired  in  the  frigid  zone ;  at 
least  this  high  temperature  of  the  Polar  seas,  cannot  be 
caused  from  without.  Hence  it  has  been  supposed,  that 
there  is  a  constant  interchange  going  on  between  the 
waters  of  the  Equatorial,  and  the  waters  of  the  Polar 
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regions ;  though  there  are  considerable  difficulties,  at 
present,  as  to  the  means  by  which  this  interchange  is 
effected.  These  difficulties  arise  principally,  from  some 
uncertainty,  with  respect  to  the  point  of  maximum  den¬ 
sity  of  sea- water ;  which  does  not  appear  to  be  satisfac¬ 
torily  established.  Whether  in  the  profound,  and  com¬ 
paratively  quiescent  abyss  of  the  ocean,  the  process  of 
diffusion,  or  the  central  heat  of  the  earth  formerly  alluded 
to,  exerts  any  influence,  we  have  no  means  of  determining. 
But  if  a  central  heat  really  do  exist;  its  effects  must  be 
considerable,  particularly  within  the  frigid  zone.  What¬ 
ever  be  the  cause  of  this  approach  to  uniformity  of  tem¬ 
perature  throughout  the  waters  of  the  ocean  at  great 
depths,  all  over  the  globe ;  its  use  in  the  economy  of  na¬ 
ture,  in  tending  to  equalize  the  distribution  of  tempera- 
ture,  cannot  be  questioned  ;  since  it  constitutes  one  of 
those  beautiful  provisions,  by  which  the  impediments  to 
the  distribution  of  temperature,  necessarily  incidental  to 
the  earth’s  figure  and  motions,  are  obviated :  whilst  among 
the  minor  circumstances  contributing  to  the  same  end, 
may  be  mentioned  the  tides,  and  the  innumerable  super¬ 
ficial  currents  produced  by  winds,  and  by  other  couses, 
which  are  to  be  considered  elsewhere. 

8.  Of  Differences  of  Temper ature,  depending  on  whether 
the  Surface  he  Land  or  Sea. — When  speaikng  of  the 
distribution  of  temperature  over  the  earth’s  surface,  we 
alluded  to  the  differences  between  insular  and  continental 
climates.  Here,  therefore,  we  may  appropriately  notice 
the  actual  general  amount  of  the  differences  of  tempera¬ 
ture,  as  produced  by  land  and  water. 

In  the  middle  of  oceans,  and  far  from  the  influence  of 
land,  the  diurnal  change  of  temperature  of  the  air  near 
the  surface  of  the  sea,  is  much  less  than  on  land.  Thus, 
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in  the  equatorial  regions,  the  greatest  difference  between 
the  temperature  of  the  day  and  the  temperature  of  the 
night,  at  sea,  is  said  to  amount  to  3°  or  4°  only ;  while 
upon  land  the  difference  often  amounts  to  9°  or  10°.  In 
temperate  regions,  and  particularly  in  latitudes  extending 
from  25°  to  50°,  the  difference  between  the  maximum 
and  the  minimum  diurnal  range  of  the  thermometer,  at 
sea,  is  still  very  trifling,  amounting  only  to  4°  or  6° ; 
while  upon  the  continents,  as  for  example,  at  Paris,  the 
range  often  amounts  to  20°  or  30°.  To  these  circum¬ 
stances  it  is  owing,  that  small  insular  situations,  partaking 
of  the  character  of  the  surrounding  ocean,  are  much  less 
liable  to  great  diurnal  changes  than  continents ;  and 
hence,  in  general,  they  possess  more  equable  climates. 

Both  at  sea  and  on  land,  the  minimum  temperature 
takes  place  about  sunrise.  The  maximum  temperature 
at  sea  occurs  about  noon,  or  very  soon  after ;  while  on 
land,  it  takes  place  from  two  to  three  hours  after  noon. 
Between  the  tropics,  the  maximum  temperature  of  the 
air  is  said  to  exceed  a  little  that  of  the  surface  of  the 
sea.  But  when  the  temperatures  are  observed  at  short 
intervals,  as  for  example,  every  four  hours,  and  all  the 
temperatures  are  compared,  the  results  are  different ;  and 
they  seem  to  show,  that  even  between  the  tropics,  the 
temperature  of  the  surface  of  the  sea  is  higher  than  the 
temperature  of  the  incumbent  atmosphere.  Between 
the  latitudes  of  25°  and  50°,  the  air  is  rarely  warmer  than 
the  surface  of  the  sea ;  and  in  the  Polar  regions,  it  is 
very  unusual  to  find  the  air  as  warm  as  the  sea ;  it  is 
in  fact  almost  always  colder,  and  generally  very  much 
colder. 
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As  connected  with  this  part  of  our  inquiry,  it  may 
perhaps,  before  we  close,  be  desirable  to  offer  a  few 
remarks  on  the  temperature  of  natural  springs ,  and  their 
relation  to  the  mean  temperature  of  the  earth,  at  the 
places,  where  they  make  their  appearance. 

Springs  discharging  large  quantities  of  water,  and  thus 
indicating  that  they  come  from  considerable  depths  below 
the  surface  of  the  earth,  preserve  nearly  the  same  tem¬ 
perature  during  the  whole  year.  In  our  hemisphere, 
what  little  augmentation  of  temperature  springs  undergo, 
is  generally  in  the  month  of  September,  while  they  are 
coldest  in  the  month  of  March ;  though  the  differences 
seldom  exceed  two  or  three  degrees. 

If  we  compare  the  temperature  of  the  springs  of  any 
place,  with  the  mean  annual  temperature  of  that  place ; 
we  find  that  there  is  a  near  connexion  between  the  two, 
all  over  the  globe.  In  the  torrid  zone,  however,  the 
mean  annual  temperature  of  the  air  is  usually  higher  by 
three  or  four  degrees  than  that  of  the  springs ;  while  in 
the  temperate  zone,  on  the  contrary,  the  springs  are 
warmer  than  the  air.  The  excess  of  temperature  of 
springs,  as  compared  with  the  mean  annual  temperature, 
goes  on  increasing  with  the  latitude  ;  so  that,  between 
60°  and  70°  of  latitude,  this  excess  amounts  to  from  5° 
to  7°.  Other  things  being  the  same,  the  temperature  of 
springs  varies  considerably,  according  to  their  copiousness ; 
as  a  large  body  of  water  will  be  less  liable  to  be  influ¬ 
enced  by  the  surrounding  soil,  than  a  smaller  body  of 
water ;  and  may  even,  in  turn,  influence  the  temperature 
of  the  soil  itself. 

The  subject  of  thermal  springs ,  as  intimately  connected 
with  the  history  of  volcanoes,  belongs  to  the  Geologist. 
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We  have  thus  enumerated  the  principal  circumstances 
connected  with  the  distribution  of  temperature  upon  the 
surface  of  the  earth,  and  at  such  parts  below  the  surface 
as  are  within  our  reach.  We  now  come  to  the  second 
great  division  of  the  subject  of  climates  ;  viz.,  climate  as 
depending  on  the  atmosphere. 


Section  II. 

Of  the  Secondary  Constituents  of  Climate  immediately 

connected  with  the  Atmosphere. 

The  phenomena  of  the  atmosphere,  originally  consti¬ 
tuted  the  proper  study  of  the  Meteorologist,  and  even  yet 
these  phenomena  claim  the  largest  share  of  his  attention. 
The  subject,  in  all  its  bearings,  is  very  extensive,  and 
many  of  the  details  are  imperfectly  understood.  We 
shall  endeavour  to  present  a  brief  outline  of  the  principal 
phenomena  under  the  following  heads. — Of  the  distribu¬ 
tion  of  heat  and  of  light  through  the  atmosphere ,  and  of 
the  consequences  of  that  distribution ; — of  the  distribution 
of  water  through  the  atmosphere ,  and  of  the  phenomena 
dependent  on  that  distribution  ;  and,  lastly, — of  the  occa¬ 
sional  presence  of  foreign  bodies  in  the  atmosphere. 

1.  Of  the  Distribution  of  Heat  and  of  Light  through 
the  A  tmosphere ,  and  of  the  Consequences  of  that  Distribu¬ 
tion — Every  one  is  familiar  with  the  general  fact  of  the 
diminished  temperature  of  the  higher  regions  of  our 
atmosphere  :  and  that  in  the  hottest  countries,  by  ascend¬ 
ing  a  lofty  mountain,  we  encounter,  at  different  heights? 
every  variety  of  temperature,  even  to  the  temperature  of 
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perpetual  snow,  and  of  the  Polar  regions.  One  of  the 
first  circumstances,  therefore,  which  claim  the  attention 
of  the  Meteorologist,  is  the  law  of  the  distribution  of  sen- 
sible  heat,  or  of  temperature,  through  the  atmosphere. 

The  law  of  the  distribution  of  temperature  through  the 
atmosphere  is  tolerably  uniform :  though  it  is  occasionally 
liable  to  variations  and  interruptions,  depending  on  local 
differences ;  and  perhaps  on  other  circumstances  not  satis¬ 
factorily  ascertained.  The  mean  results  of  a  great  num¬ 
ber  of  observations,  made  in  different  parts  of  the  world, 
appear  to  show,  that  for  every  100  yards  of  altitude 
Fahrenheit’s  thermometer  sinks  one  degree.  This  state¬ 
ment,  probably,  does  not,  within  moderate  limits,  differ 
much  from  the  truth ;  though  some  late  researches  have 
rendered  it  probable,  that  while  at  different  heights  the 
rate  of  the  decrease  of  temperature  is  uniform,  the  rate  of 
altitude  increases  constantly,  and  according  to  laws  very 
similar  all  over  the  world ;  that  is  to  say,  supposing  the 
first  252  feet  are  equal  to  one  degree ;  the  second  degree 
will  be  equal  to  255  feet ;  the  third  to  258  ;  the  fourth 
to  261  ;  &c. 

The  causes  on  which  this  great  cold  of  the  higher  re¬ 
gions  depends,  are  chiefly  the  two  following ;  first,  the 
perfect  permeability  of  the  atmosphere  to  the  solar  rays  ; 
on  which  account,  the  rays  of  the  sun  radiate  through  the 
atmosphere  almost  without  affecting  its  temperature,  till 
reaching  the  earth,  the  rays  exert  their  utmost  influence; 
and  secondly,  the  increased  capacity  for  heat  possessed  by 
air,  in  proportion  as  it  becomes  more  rare.  From  the 
first  of  these  causes  it  happens,  that  the  temperature  of 
the  lower  regions  of  the  atmosphere  is  derived,  not  imme¬ 
diately  from  the  sun,  but  from  the  earth.  The  surface  of 
the  earth  absorbing  the  solar  heat,  recommunicates  that 
heat  to  the  immediately  incumbent  atmosphere;  while 
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all  the  higher  portions  of  the  atmosphere  remain  unaf¬ 
fected.  For  though,  from  diminished  specific  gravity, 
heated  air  naturally  ascends,  yet  as  its  capacity  for  heat  at 
the  same  time  increases,  ascending  air  rapidly  loses  its 
sensible  heat :  as  in  the  second  place  we  have  to  explain. 

Dr.  Dalton,  and  afterwards  Sir  John  Leslie  more  com¬ 
pletely,  have  attempted  to  show,  that  the  equilibrium  of 
heat  in  an  atmosphere,  is  obtained,  when  each  of  its  mole - 
cules,  or  in  other  words,  when  the  same  weight  of  air ,  in 
the  same  perpendicular  column,  is  possessed  of  the  same 
quantity  of  heat .  Now,  since  atmospheric  pressure 
diminishes  with  the  height,  according  to  a  certain  law ; 
it  is  obvious,  that  the  same  weight  of  air ,  at  the  surface  of 
the  earth,  and  in  the  higher  regions,  will  occupy  very 
different  spaces.  But  since  the  absolute  quantity  of 
heat  is  exactly  the  same  in  both  portions ;  it  is  likewise 
obvious,  that  in  the  higher  regions  of  the  atmosphere, 
from  the  increased  capacity  of  the  air  for  heat,  the  quan¬ 
tity  of  latent  heat  is  augmented,  while  the  quantity 
remaining  sensible,  becomes  less.  Hence  the  temperature 
of  the  air  diminishes  as  wre  ascend,  exactly  in  the  pro¬ 
portion  its  latent  heat,  that  is  to  say,  its  capacity  for 
heat  as  produced  by  rarefaction,  increases.  In  consequence 
of  this  arrangement,  to  use  the  words  of  Dr.  Thomson, 
“  if  a  quantity  of  cold  air  were  suddenly  transported  from 
an  elevated  region  to  the  surface  of  the  sea,  its  density 
would  be  continually  increasing  during  its  descent,  while 
its  latent  heat  would  diminish  in  the  same  proportion ; 
and  when  it  reached  the  level  of  the  sea,  its  temperature 
would  be  just  as  high  as  that  of  other  portions  of  air  in 
the  same  latitude  and  elevation.  Air,  therefore,  does  not 
feel  cold  in  consequence  of  falling  from  an  elevated  situ¬ 
ation,  though  this  be  an  opinion  commonly  entertained ; 
but  in  consequence  of  its  being  suddenly  transported  from 
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a  more  northerly,  to  a  more  southerly  situation.”*  Thus, 
to  the  above  beautiful  and  simple  law,  we  owe  the  perma¬ 
nent  state  of  equilibrium  of  temperature  in  the  atmo¬ 
sphere  ;  which  equilibrium,  in  spite  of  all  the  disturbances 
constantly  produced  by  minor  causes,  from  the  natural 
tendency  to  right  itself,  is  never  very  seriously  affected. 

Of  the  Limits  of  Perpetual  Snow . — Connected  with 
diminution  of  temperature  in  the  higher  regions  of  the 
atmosphere,  are  the  limits  of  perpetual  snow  in  different 
latitudes.  These  limits,  of  course,  may  be  naturally  sup¬ 
posed  to  follow  the  mean  temperature  of  32°,  from  the 
level  of  the  sea  in  the  Polar  regions,  to  the  highest  point 
of  their  range  under  the  equator.  This  inference  is 
obvious,  and,  generally  speaking,  correct ;  though  it  is 
liable  to  certain  modifications,  and  to  some  anomalies,  of 
which  the  following  are  the  most  remarkable. 

Under  the  equator,  the  limits  of  perpetual  snow  are  the 
most  fixed  and  steady,  and  seem  to  exist  generally  at  an 
altitude  of  between  15,000  and  16,000  feet.  As  we 
recede  from  the  equator,  the  oscillations  for  the  most  part 
become  more  striking,  and  all  the  phenomena  assume  a 
more  irregular  character.  Such,  for  example,  is  the  case  in 
the  Mexican  Cordilleras ;  but  still  more  evidently  in  the 
Himmala  range ;  where  there  is  a  difference  of  no  less 
than  4,000  feet,  between  the  limits  of  perpetual  snow  on 
the  northern,  and  on  the  southern  sides  of  the  mountain  ; 
the  snow  line  being  highest  on  the  southern  side.  As  we 
proceed  toward  the  temperate  zones,  we  find,  in  moun¬ 
tainous  countries,  below  the  limits  of  perpetual  snow, 
immense  bodies  of  ice,  or  glaciers ,  as  they  are  termed. 
These  glaciers  are  formed  by  the  alternate  melting  and 


*  On  Heat  and  Electricity,  p.  129. 
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congealing  of  the  extensive  beds  of  snow  that  lie  above 
them.  The  glaciers  accumulate  in  valleys,  and  often 
by  the  enormous  and  increasing  weight  of  the  snow  and 
ice  in  the  upper  parts,  are  pressed  downward  far  beyond 
the  limits  of  the  snow  itself.  Such  are  the  glaciers  of 
Switzerland,  of  Norway,  and  of  other  countries  in  tempe¬ 
rate  climates.  All  these  circumstances,  with  others  which 
might  be  stated,  and  many  probably  that  are  unknown 
to  us,  combine  to  render  the  limits  of  perpetual  snow 
irregular.  These  irregularities  are  so  considerable,  that 
Humboldt,  from  numerous  observations,  has  inferred  the 
limits  of  perpetual  snow  at  the  equator  to  be  nearly  3° 
above  the  freezing  point ;  while  in  the  temperate  zone, 
the  snow  limit  is  nearly  5°  below  that  j)oint ;  and  in  the 
frigid  zone,  no  less  than  10°  or  11°  below  freezing;  results 
which  seem  to  prove,  that  the  general  temperature  of  the 
air  decreases  in  the  equatorial,  otherwise,  than  in  the 
colder  regions.  From  the  peculiar  distribution  of  the 
land  in  the  southern  hemisphere,  little  is  known  of  the 
line  of  perpetual  snow  in  that  part  of  the  world ;  but  it 
will  probably  be  found  to  be  different  from  the  line  in  the 
north,  and  generally  lower. 

The  perpetual  snow  resting  on  the  tops  of  mountains, 
constitutes  a  most  important  provision  in  the  economy  of 
nature,  particularly  in  the  warmer  climates ;  where  the 
accumulated  snow  becomes  the  prolific  source  of  innu¬ 
merable  rivers,  without  which  those  regions  would  be 
uninhabitable. 

In  the  accompanying  map,  we  have  endeavoured  to  show 
the  analogy  between  the  effects  produced  on  the  distribu¬ 
tion  of  temperature,  by  height  above  the  surface  of  the 
earth,  as  compared  with  difference  of  latitude.  There 
is,  however,  one  striking  difference  between  high  and  low 
situations,  which  must  have  considerable  influence  upon 
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organization,  though  this  influence  has  not  been  studied 
so  carefully  as  it  ought  to  be  ;  viz.  the  difference  of  atmo¬ 
spheric  pressure.  At  the  surface  of  the  earth,  the  atmo¬ 
spheric  pressure  is  nearly  the  same  in  all  latitudes  ;  but  as 
we  ascend  above  the  surface,  the  pressure  rapidly  dimi¬ 
nishes.  Every  thing  else,  therefore,  being  supposed  to  be 
the  same,  the  difference  of  pressure  will  probably  render 
certain  provisions  and  accommodations  necessary,  of  which, 
at  present,  we  are  ignorant ;  but  which  might  doubtless 
be  much  elucidated  by  a  careful  study  of  Alpine  plants 
and  animals,  as  compared  with  those  occupying  the  plains. 
Another  circumstance,  which  must  materially  influence 
organization,  is  the  great  intensity  of  light  in  the  moun¬ 
tainous  districts  of  tropical  climates,  as  compared  with 
the  intensity  of  light  at  the  surface  of  the  earth,  in  the 
corresponding  climates  of  high  latitudes.  The  diminished 
intensity  of  light,  however,  in  high  latitudes,  is  doubtless 
compensated  for,  in  some  degree,  by  the  greater  length 
of  the  day. 

Of  the  Distribution  of  Heat  and  Light  through  the 
Atmosphere  in  their  latent  Forms. — In  the  preceding  para¬ 
graphs,  we  have  alluded  to  the  quantity  of  heat  existing 
latent  in  the  higher  regions  of  the  atmosphere.  But  be¬ 
sides  this  quantity,  which  may  be  supposed  to  be  common 
to  the  whole  atmosphere ;  the  distribution  of  latent  heat 
and  light  must,  follow  nearly  the  same  law  as  the  distri¬ 
bution  of  sensible  heat  and  light ;  that  is,  must  decrease 
from  the  equator  toward  the  poles.  Thus  there  can  be 
no  doubt,  that  the  expanded  air  of  the  equatorial  regions, 
contains  much  more  heat  and  light  in  the  latent  state, 
than  the  comparatively  dense  and  dry  atmospheric  air  of 
the  Polar  regions ;  and  it  is  probable  that  the  rigors  of 
each  extreme  are  mitigated  by  this  provision.  The  dis- 
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tribution  of  electricity  through  the  atmosphere,  seems  also 
to  be  regulated  by  very  similar  laws.  It  may,  however, 
be  remarked,  that  the  effects  of  heat  and  light,  in  the 
latent  form,  as  well  as  the  effects  of  electricity,  are  much 
more  evident  from  their  connexion  with  the  water  in  the 
atmosphere,  than  from  their  connexion  with  the  consti¬ 
tuents  of  the  atmosphere  itself.  We  shall,  therefore, 
defer  what  we  have  to  say  on  those  subjects,  till  we  speak 
of  the  water  in  the  atmosphere. 

Of  the  Distribution  of  Sensible  Heat  through  the  At¬ 
mosphere. — The  distribution  of  sensible  heat  through  the 
atmosphere  is  chiefly  effected  by  the  process  termed  con¬ 
vection.  Convection,  of  course,  implies  motion,  or  cur¬ 
rents  ;  which  currents  pervading  the  atmosphere,  we  need 
scarcely  observe,  are  denominated  Winds.  The  winds, 
therefore,  are  of  the  utmost  importance  in  the  economy  of 
nature,  from  their  tendency  to  equalize  the  distribution 
of  temperature  over  the  globe  :  the  following  brief  ex¬ 
planation  will  serve  to  give  a  general  knowledge  of  their 
nature. 

Atmospheric  currents  may  be  considered  under  two 
heads  :  currents  of  a  general  kind,  extending  more  or  less 
over  the  whole  globe ;  and  currents  which  are  produced 
by  various  transient  derangements  of  the  distribution  of 
temperature,  the  effects  of  which  are  limited  to  particular 
localities.  On  each  of  these  two  kinds  of  currents  we  shall 
make  some  remarks. 

The  general  currents  of  the  atmosphere  depend  princi¬ 
pally  on  the  two  following  circumstances,  which,  if  borne 
in  mind,  will  furnish  the  reader  with  a  clue  to  the  whole 
subject :  viz.  the  unequal  temperature  of  the  equator  and 
of  the  poles ;  and  the  diurnal  motion  of  the  earth  on  its 
axis.  The  convective  operation  of  the  first  of  these 
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general  causes  may  be  thus  illustrated.  We  have  stated 
that  the  entire  pressure  of  the  atmosphere  all  over  the 
earth’s  surface  is  nearly  the  same,  and  equal  to  the  pressure 
of  a  column  of  mercury  about  thirty  inches  in  height.  We 
have  also  stated  that  the  mean  temperature  of  the  atmo¬ 
sphere  near  the  equator,  and  at  the  level  of  the  sea,  is  up¬ 
wards  of  80° ;  while  in  the  Polar  regions,  the  mean  tem¬ 
perature  is  constantly  below  32°,  the  freezing  point  of 
water.  Hence,  as  air  expands  by  heat,  and  becomes 
specifically  lighter ;  it  is  obvious  that  a  given  bulk  of  air 
at  the  level  of  the  sea  round  the  poles,  must  be  consider¬ 
ably  heavier,  than  a  similar  bulk  of  air  at  the  level  of  the 
sea  under  the  equator.  The  air,  therefore,  round  the 
poles  being  colder  and  heavier,  will  have  a  tendency  to 
flow  along  the  earth's  surface  from  the  poles  toward  the 
equator,  and  to  displace  the  lighter  air  at  the  equator; 
while  the  equatorial  air  so  displaced,  will,  owing  to  its 
lightness,  ascend  and  flow  back  again  over  the  colder  air, 
north  and  south  toward  the  poles,  so  as  to  preserve  the 
equilibrium.  Moreover  these  currents  will  be  perpetual; 
for  the  heat  of  the  equator  and  the  cold  of  the  poles  being 
constant,  the  same  tendency  to  change  will  always  exist, 
and  thus  the  currents  will  be  constant  likewise. 

These  atmospheric  currents  form  one  primary  consti¬ 
tuent  of  the  winds  ;  and  are  the  grand  means  by  which  the 
equalization  of  temperature  over  the  globe  is  effected.  If 
the  earth  were  at  rest,  and  free  from  irregularity,  the 
currents  or  winds  near  its  surface  would,  of  course,  be  in 
the  northern  hemisphere,  always  due  north  ;  and  in  the 
southern  hemisphere,  due  south  ;  while  the  velocity  would, 
in  each  case,  gradually  diminish  from  the  poles  toward 
the  equator ;  where  there  would  be  a  perpetual  calm. 

But  the  earth  is  in  a  constant  state  of  motion  on  its 
axis,  from  west  to  east, ;  by  which  motion,  the  aerial  cur- 
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rents  are  deflected  from  their  northern  and  southern 
course  toward  the  east.  This  eastern  deflection  forms 
the  other  primary  constituent  of  the  winds,  to  be  next 
considered. 

The  general  reader  will  bear  in  mind ;  that  on  the 
surface  of  a  globe,  revolving  like  the  earth  oil  its  axis 
the  motion  of  any  given  point  at  the  equator,  is  the 
greatest ,  and  at  the  poles,  the  least  possible.  Thus  while 
the  poles  are  quiescent,  the  velocity  of  any  given  place  at 
the  equator  of  our  earth,  is  about  1000  miles  an  hour; 
from  which  extreme,  the  velocity  gradually  diminishes 
toward  the  poles.  This  motion  of  the  earth  on  its  axis, 
operates  in  the  production  of  an  easterly  current  in  the 
atmosphere,  as  follows.  Supposing  there  were  no  atmo¬ 
spheric  currents  from  the  north  and  south  toward  the 
equator,  and  that  the  earth  revolved  on  its  axis  as  at  pre¬ 
sent  ;  one  of  two  things  must  happen.  Either  the  earth 
during  its  revolution  would  carry  with  it  the  incumbent 
atmosphere  ;  in  which  case  there  would  be  a  perpetual 
calm  over  its  surface :  or  the  earth  would  revolve  within 
the  atmosphere,  leaving,  as  it  were,  the  atmosphere  behind 
it ;  in  which  case  there  would  be  an  apparent  current  or 
wind  over  the  whole  of  the  earth’s  surface,  in  a  direction 
opposite  to  the  direction  of  the  movement  of  the  earth, 
that  is  from  east  to  west ;  which  wind,  supposing  the 
atmosphere  did  not  move  with  the  earth,  would,  of  course, 
be  at  its  maximum  at  the  equator.  Now  both  these 
causes  are  continually  operating,  and  give  origin  to  all  the 
variety  of  the  eastern  currents  upon  the  earth’s  surface ; 
which,  with  the  northern  and  southern  currents,  before 
described,  conspire  to  produce  the  well  known  currents, 
called  the  trade  winds .  Before  we  attempt  to  explain 
the  trade  winds,  their  phenomena  may  be  thus  briefly 
described. 
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The  trade  winds  in  the  Atlantic  ocean,  extend  to  about 
28°  on  each  side  of  the  equator.  At  their  extreme  northern 
and  southern  boundaries,  these  winds  generally  blow  from 
the  east :  but  as  they  proceed  toward  the  equator  from 
the  north  and  from  the  south,  they  gradually  pass  from 
the  east,  through  all  the  intermediate  points  of  the  com¬ 
pass  ;  till  near  the  equator,  they  become  in  the  northern 
hemisphere,  due  north  ;  and  in  the  southern  hemisphere, 
due  south.  The  trade  winds  are  also  subject  to  some  slight 
variations  chiefly  arising  from  the  position  of  the  earth 
with  respect  to  the  sun.  On  these  variations  we  do  not 
think  it  necessary  to  enlarge.  The  general  phenomena 
are  as  stated ;  and  the  principles  we  have  advanced,  appear 
to  offer  the  following  explanation  of  these  phenomena : 

In  the  temperate  regions  of  the  earth,  the  winds  seem 
to  obey  no  certain  laws ;  at  least,  no  laws  so  determinate 
as  those  of  the  trade  winds.  But  about  the  tropics,  both 
in  the  nothern  and  southern  hemispheres,  the  operation  of 
the  double  currents  and  motions  before  described,  becomes 
distinctly  perceptible.  Thus  about  the  tropics,  the  sur¬ 
face  of  the  earth  begins  to  move  faster  than  the  incum¬ 
bent  atmosphere;  and  hence  in  these  regions,  the  prevail¬ 
ing  currents  are  from  the  east.  Indeed  near  the  tropics, 
the  currents  are  almost  due  east ;  principally  on  account 
of  the  great  and  somewhat  sudden  change  of  temperature 
produced  by  the  vertical  sun  of  the  tropical  regions  ;  which 
may  be  supposed  to  interfere  with,  and  perhaps  to  check 
momentarily,  the  regular  progress  of  the  great  northern 
and  southern  currents.  As  we  proceed,  however,  toward 
the  equator ;  the  atmosphere,  in  both  hemispheres,  gra¬ 
dually  acquires  the  velocity  of  the  earth  ;  while  the  inten¬ 
sity  of  the  eastern  current,  diminishes  in  the  same  propor¬ 
tion,  and  at  length  entirely  disappears.  At  the  same 
time,  the  currents  from  the  north  and  the  south  continu- 
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ing,  slowly  deflect  the  currents,  from  the  east  toward  the 
north,  in  the  northern  hemisphere;  and  from  the  east 
toward  the  south,  in  the  southern  hemisphere  ;  till  left 
alone  by  themselves,  the  polar  currents  proceed  onward 
to  the  equator,  as  if  the  motion  of  the  earth  had  no  ex¬ 
istence.  * 

To  these  great  atmospheric  currents  may  be  traced  the 
fluctuations  of  the  barometer,  and  all  the  innumerable 
modifications  peculiar  to  different  localities  of  sea  and 
land,  of  mountain  and  plain.  For,  as  Mr.  Daniell  justly 
observes,  in  the  nicely  balanced  state  of  the  forces  pro¬ 
ducing  these  currents,  slight  irregularities  of  temperature 
are  capable  of  causing  great  disturbances ;  and  expansions 
and  contractions  acting  unequally  upon  the  antagonist 
currents,  operate  by  deranging  the  adjustment  of  then- 
several  velocities.  Hence  accumulations  in  some  parts, 
and  corresponding  deficiencies  in  others,  necessarily  arise  ; 
and  occasion  fluctuations  in  the  barometer,  far  surpassing 
what  would  be  occasioned  by  the  whole  vapour,  supposing 
;  it  were  at  once  added,  or  annihilated.  At  the  same  time, 
i  these  irregular  distributions,  in  struggling  to  restore  the 
equilibrium,  produce  temporary  and  variable  winds,  which 
modify  the  regular  currents,  and  often  reverse  their 
courses,  particularly  in  the  temperate  regions  ;  where,  as 
formerly  mentioned,  the  alternations  of  temperature,  and 

#  In  the  first  edition  of  this  volume,  we  ascribed  the  above  theory  of 
the  trade  winds  to  Mr.  Daniell.  We  have  since  learnt,  however,  that 
the  same  theory  was  advanced  a  century  ago,  by  Mr.  Hadley.  (Philos. 
Trans,  xxxix.  p.  58.)  Without  being  aware  of  the  existence  of  Mr. 
Hadley’s  paper,  Dr.  Dalton  offered  a  similar  explanation  of  the  trade 
winds  in  his  Meteorological  Observations  and  Essays.  Subsequently, 
the  theory  was  reproduced  by  Mr.  Daniell,  and  illustrated  by  Captain 
Basil  Hall,  in  an  appendix  to  the  second  edition  of  Mr.  Daniell’ s 
Meteorological  Essays ;  to  which  we  refer  the  reader  for  a  detailed 
account  of  the  phenomena  of  the  trade  winds. 
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the  fluctuations  of  the  Barometer,  are  the  most  re¬ 
markable. 

Such  are  the  general  currents  pervading  our  atmo¬ 
sphere  ;  and  by  such  modes  do  these  currents  modify  ex¬ 
treme  temperatures  and  their  consequences.  The  same 
causes  are  continually  operating  in  different  forms  and 
degrees ;  so  as  to  produce  all  that  infinite  variety  among 
the  winds,  which  we  observe  in  nature.  These  are  so 
numerous  and  diversified,  as  actually  to  baffle  all  attempts 
at  explanation  or  arrangement ;  we  shall  therefore  content 
ourselves  with  one  instance  only,  by  way  of  illustration, 
viz.,  the  sea  and  the  land  breezes. 

The  explanation  of  what  are  denominated  the  sea  and 
the  land  breezes  is  very  obvious  ;  and  is  not  less  applica¬ 
ble  to  many  similar  phenomena.  During  the  day,  the 
surface  of  the  land  acquiring  heat,  imparts  its  temperature 
to  the  incumbent  air.  This  air  expanding  in  bulk  be¬ 
comes  specifically  lighter,  and  rises  in  consequence ;  while 
the  cooler  air  from  the  surrounding  sea  rushes  in  to  supply 
its  place,  and  thus  produces  the  current  called  the  sea 
breeze.  During  the  night,  on  the  contrary,  the  waters  of 
the  ocean  part  with  their  heat  much  more  slowly  than  the 
land,  and  the  reverse  action,  or  the  land  breeze  takes 
place.  In  hot  climates  near  the  sea  shore,  and  in  insular 
situations,  these  alternations  constitute  a  most  agreeable 
variety. 

2.  Of  the  Presence  of  Water  in  the  Atmosphere . — In 
the  foregoing  section,  we  have  endeavoured  to  give  an 
outline  of  those  beautiful  provisions,  which,  by  means  of 
the  air  of  the  atmosphere,  have  been  adopted  to  prevent 
the  consequences  necessarily  arising  from  the  unequal  dis¬ 
tribution  of  heat  and  light  over  the  globe.  W e  now  come 
to  another  subject  of  not  less  interest,  viz.,  the  pheno- 
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mena  depending  on  the  existence  of  water  in  the  atmo¬ 
sphere  ;  and  which,  taken  together,  principally  constitute 
what  we  emphatically  denominate  the  Weather. 

The  phenomena  arising  from  the  existence  of  water  in 
the  atmosphere  may  be  considered  under  the  four  fol¬ 
lowing  heads :  —  First,  Of  the  phenomena  of  evapora¬ 
tion  and  condensation  ;  and  of  the  general  dependence  of 
vapour  on  temperature  : — Secondly,  Of  the  conditions  of 
an  atmosphere  of  vapour  alone ;  and  of  a  mixed  atmo¬ 
sphere  of  vapour  and  air  : — Thirdly,  Of  the  general  rela¬ 
tions  of  evaporation  and  condensation ,  as  they  exist  in  our 
atmosphere  ;  and  of  the  circumstances  by  which  these  rela¬ 
tions  are  influenced: — Fourthly,  Of  the  distribution  of 
heat  and  light  in  their  latent  and  decomposed  forms , 
through  the  vapour  of  the  atmosphere ;  and  of  the  effects 
of  that  distribution. 

First,  Of  the  phenomena  of  evaporation  and  condensation  ; 
and  of  the  general  clej)endence  of  vapour  on  temperature. — • 
We  have  before  stated  the  fact,  that  water  assumes  the 
elastic  form,  in  a  greater  or  less  degree,  at  all  tempera¬ 
tures.  From  the  tendency  of  water,  thus  to  rise  “  above 
the  Firmament not  only  the  ocean,  but  ice  and  snow, 
are  unceasingly  contributing  their  supply  of  moisture 
to  the  air;  and  this  fluid,  so  indispensable  to  vege¬ 
table  and  animal  existence,  is  distributed  over  the 
surface  of  the  whole  earth.  In  considering,  therefore,  the 
relations  of  the  water  of  the  atmosphere  to  temperature  ; 
the  phenomena  which  first  claim  our  attention,  are  the 
processes  by  which  water  is  taken  up,  and  again  separated, 
from  the  atmosphere ;  that  is  to  say,  the  processes  of 
Evaporation  and  Condensation. 

In  treating  of  the  nature  of  Evaporation ,  the  questions 
to  be  answered  at  the  outset  are, — Why  is  moisture 
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present  in  the  atmosphere  ?  By  what  force  is  its  presence 
determined,  and  its  quantity  limited  ?  The  reply  to 
these  questions  depends  on  the  properties  of  matter  in 
general,  and  of  vapour  in  particular,  as  formerly  described. 
These  properties,  if  borne  in  mind  by  the  reader,  will 
enable  him  to  understand  what  follows. 

When  water  is  exposed  to  the  air  in  an  open  vessel, 
the  molecules  of  its  uppermost  or  superficial  stratum  being 
released  from  the  influence  of  the  molecules  below  them, 
have  a  natural  tendency  to  assume  that  degree  of  polarity 
which  is  appropriate  to  their  temperature.  Hence,  after 
acquiring  the  latent  heat  necessary  to  produce  this  polarity, 
either  at  the  expense  of  a  portion  of  their  own  sensible 
heat,  or  of  the  heat  of  the  atmosphere ;  the  superficial 
molecules  of  water  become  self-repulsive,  and  fly  off  into 
space  in  the  form  of  vapour.  If  the  space  over  the 
water  be  circumscribed  and  be  a  vacuum ;  the  molecules 
%  off  with  such  rapidity  as  instantaneously  to  fill  it. 
But,  if  the  space  be  occupied  by  air,  or  be  of  indefinite 
magnitude ;  the  molecules  fly  off  more  slowly,  so  as 
gradually  to  diffuse  themselves  through  the  whole  space ; 
quite  on  the  same  principle,  and  in  the  same  manner,  that 
one  gaseous  body  is  diffused  through  another  gaseous  body. 

Such,  in  few  words,  may  be  deemed  a  simple  statement 
of  what  evaporation  is.  We  have  next  to  inquire  into 
the  nature  and  operation  of  the  means  by  which  eva¬ 
poration  not  only  takes  place,  but  is  limited  within  certain 
boundaries. 

In  a  former  chapter,  we  shewed,  that  the  elastic  force 
exerted  by  all  bodies  in  the  gaseous  state,  bears  a  certain 
relation  to  their  temperature ;  but  that  the  degree  of  this 
elastic  force  varies  according  to  other  circumstances ; 
particularly,  according  to  whether  the  gaseous  body,  at  the 
given  temperature,  be  capable  of  existing  in  the  fluid 
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or  in  the  solid  states,  as  well  as  in  the  gaseous  state. 
Thus,  atmospheric  air,  not  only  at  the  temperature  of 
32°,  but  at  all  known  temperatures,  is  a  gaseous  body ; 
and,  under  ordinary  circumstances,  exerts  an  elastic  force 
equal  to  the  weight  of  a  column  of  mercury  30  inches 
high  :  whereas,  at  the  same  temperature  of  32°,  water  is 
a  solid  ;  and  the  force  of  the  elasticity  of  its  vapour,  is 
not  more  than  equal  to  about  l-5th  of  an  inch  of  mercury. 
But  at,  and  above  212°,  its  boiling  point,  water,  under 
ordinary  circumstances,  can  exist  only  as  a  gas ;  and  in 
this  gaseous  form,  and  at  the  temperature  of  212°,  water 
obeys  precisely  the  same  laws,  and  exerts  the  same  elastic 
force,  as  atmospheric  air  would  obey  and  exert,  under 
similar  circumstances.  Hence  it  will  be  readily  under¬ 
stood,  that  the  law  of  the  elastic  force  of  vapour  below 
212°,  is  very  different  from  the  law  of  that  force  above 
212°;  as  by  experiment  is  found  to  be  the  fact. 

From  this  relation  of  elastic  force  to  temperature,  all  other 
things  being  the  same,  the  tendency  of  water  to  assume 
the  form  of  vapour,  or  the  rate  of  its  evaporation,  as 
well  as  the  actual  quantity  of  water  in  the  state  of  vapour 
in  the  atmosphere,  will  increase  as  the  temperature 
increases.  We  need  not  state  in  detail,  the  exact  law  of 
this  increase.  It  is  sufficient  for  our  purpose  to  observe, 
that  at  all  temperatures  below  the  boiling  point  of 
water,  that  is  to  say,  at  all  common  atmospheric  tempera¬ 
tures;  while  the  rate  of  the  increase  of  temperature  is 
slow  and  uniform,  or  in  an  arithmetical  progression ;  the 
corresponding  rate  of  the  elastic  force  of  vapour,  by 
which  the  quantity  of  water  as  vapour  is  determined, 
increases  much  more  rapidly ,  or  nearly  in  a  geometrical 
progression ;  a  fact  connected  with  several  most  interest¬ 
ing  circumstances. 

The  phenomena  of  the  Condensation  of  vapour  from  the 
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atmosphere,  are  next  to  be  explained.  As  the  quantity 
of  water  in  solution  in  the  atmosphere,  can  never  be 
greater,  though  it  may  be  less,  than  the  quantity  proper 
to  the  temperature  of  the  air  ;  when  vapour,  or  what  is 
the  same  thing,  when  a  portion  of  air  saturated  with  va¬ 
pour,  at  any  given  temperature,  is  cooled  below  the  point 
of  saturation ;  a  portion  of  the  vapour  is  separated  from 
the  air  in  the  form  of  liquid  water,  while  the  remainder 
assumes  the  elastic  condition  proper  to  the  newly  acquired 
and  diminished  temperature.  The  forms  assumed  by  the 
water  so  separated,  are  various  ;  and  depend  very  much 
on  the  quantity  separated ;  and  on  the  separation  taking- 
place  in  atmospheric  air.  When  the  quantity  of  water 
separated  is  small ;  the  minute  detached  globules  diffused 
through  a  large  space,  are  suspended  in  the  atmosphere  by 
its  buoyancy,  and  assume  the  form  of  what,  for  the  sake  of 
distinction,  we  shall  call  Visible  Vapour ,  viz.  mists, 
clouds,  &c.  When  the  quantity  of  water  separated 
from  the  air  is  greater;  the  globules  collect  into  drops 
too  large  to  be  upheld  by  atmospheric  buoyancy,  and 
they  fall  to  the  earth  in  the  shape  of  rain,  hail,  and  snow. 

Of  the  two  great  processes  of  evaporation  and  conden¬ 
sation,  it  may  be  further  remarked,  that  by  a  beautiful 
provision,  they  have  a  constant  tendency  to  limit  each 
its  own  operations :  evaporation  is  increased  by  heat,  and 
produces  cold ;  condensation  is  produced  by  cold,  and 
liberates  heat.  Moreover,  in  virtue  of  another  wonderful 
arrangement ;  by  evaporation,  water  is  separated  entirely 
from  all  foreign  bodies,  and  is  thus  condensed  in  a  state 
of  absolute  purity. 

Secondly,  Of  the  conditions  of  an  atmosphere  of  vapour 
alone;  and  of  a  mixed  atmosphere  of  vapour  and  air. — 
We  now  proceed  to  consider  more  particularly  the  mode  in 
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which  vapour  exists  in  the  atmosphere.  To  facilitate  the 
understanding  of  the  subject,  we  shall  commence  by  sup¬ 
posing  the  air  to  be  absent ;  and  shall  inquire  what  would 
be  the  conditions  of  an  atmosphere  of  vapour  under  the 
pressure  and  temperature  existing  at  the  surface  of  the 
earth,  and  at  different  heights  above  the  earth’s  surface. 

Since  the  elastic  force  of  vapour  increases  faster  than 
the  temperature  of  the  vapour  ;  and  since  the  mean  tem¬ 
perature  at  the  Equator  is,  at  least,  80°,  while  at  the  Poles 
the  mean  temperature  is  below  32° ;  it  follows  that  in  an 
atmosphere  of  vapour,  heated  similarly  to  the  atmosphere  of 
our  earth,  the  specific  gravity  of  the  vapour  at  the  Equator, 
would  greatly  exceed  the  specific  gravity  of  the  vapour  at 
the  Poles.  Vapour  thus  exhibits  a  condition  directly  op¬ 
posite  to  the  condition  of  air,  under  the  same  circumstances. 
Hence  the  tendency  of  lateral  currents,  in  an  atmosphere 
of  vapour,  at  the  surface  of  the  earth,  would  be  precisely 
the  reverse  of  the  tendency  of  lateral  currents  in  an  at¬ 
mosphere  of  air  ;  the  tendency  of  vapour  currents  would 
be  from  the  Equator  toward  the  Poles ;  instead  of,  as  in 
air,  from  the  Poles  toward  the  Equator. 

We  have  elsewhere  stated  the  law  of  the  decrease  of 
the  temperature  of  the  atmosphere,  observed  in  ascending 
from  the  surface  of  the  earth ;  the  atmospheric  air  being 
supposed  to  be  free  from  moisture.  A  similar  law  would 
regulate  the  decrease  of  temperature  in  an  atmos])here  of 
vapour ;  but  the  rate  of  decrease  would  be  much  more 
slow,  than  in  an  atmosphere  of  perfectly  dry  air.  Thus 
under  the  Equator,  where,  at  the  level  of  the  sea,  the 
mean  ten^erature  is  at  least  80°;  the  temperature  of  an 
atmosphere  of  perfectly  dry  air  would  sink  to  the  freezing 
point  at  a  height  of  15,000  feet:  while  the  temperature 
of  an  atmosphere  of  vapour  would,  at  the  same  height, 
sink  only  to  70°.  At  all  the  parallels  of  lower  mean  tern- 
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perature,  onward  to  the  lowest  mean  temperature  round 
the  Poles,  at  any  height  above  the  level  of  the  sea,  similar 
differences  w7ould  exist  between  the  temperature  of  an 
atmosphere  of  perfectly  dry  air,  and  the  temperature  of 
an  atmosphere  of  vapour;  these  differences,  of  course, 
varying  with  the  mean  surface  temperature.  At  the 
same  time,  throughout  the  whole  range,  from  the  Equator 
to  the  Poles,  the  specific  gravity  of  the  vapour  at  the  level 
of  the  sea,  would  always  exceed  its  specific  gravity  at  any 
height  above.  Hence,  in  an  atmosphere  of  vapour,  there 
w7ould  be  no  tendency  to  vertical  currents. 

Having  thus  stated  the  leading  properties  of  an  atmo¬ 
sphere  of  air,  and  of  an  atmosphere  of  vapour,  separately, 
we  come  to  the  proper  subject  of  our  inquiry ;  viz.,  the 
condition  of  an  atmosphere  resulting  from  a  mixture  of  air 
and  vapour — of  such  an  atmosphere,  indeed,  as  that  in 
which  we  actually  live. 

The  reader  will  have  no  difficulty  in  understanding  the 
nature  of  a  mixed  atmosphere ;  provided  he  has  clearly 
apprehended  what  has  been  above  stated,  regarding  the 
simple  atmospheres  which  are  its  components  ;  and  will 
advert  to  two  other  circumstances,  that  are  now  to  be 
noticed.  These  two  circumstances  are  intimately  con¬ 
nected  with  the  principles  previously  stated,  and  with  each 
other ;  and  an  exposition  of  them  is  absolutely  necessary 
for  obtaining  a  true  knowledge  of  the  relations  between 
an  atmosphere  of  vapour,  and  an  atmosphere  of  air.  These 
circumstances  have  not  been  mentioned  sooner ;  the  con¬ 
sideration  of  them  having  been  intentionally  delayed,  in 
order  that  their  influence  might  be  seen,  where  their  ap¬ 
plication  is  more  immediately  requisite. 

When  vapour  and  air  are  mixed  together,  the  resulting 
volume  of  the  mixture  depends  on  the  amount  of  the  elas¬ 
tic  forces  of  the  vapour  and  of  the  air ;  not  on  any  relation 
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between  their  volumes.  Thus  when  a  cubic  foot  of  air  at 
the  temperature  of  32°,  and  exerting  an  elastic  force  equal 
to  30  inches  of  mercury,  is  mixed  with  a  cubic  foot  of 
vapour,  having  the  same  temperature,  and  exerting  an 
elastic  force  equal  to  only  l-5th  of  an  inch  of  mercury; 
the  volume  of  the  mixture  resulting,  is  not  two  cubic  feet, 
but  only  1*0066  foot.  Hence,  as  the  addition  of  vapour 
to  air  adds  comparatively  little  to  the  bulk  of  the  air,  and 
consequently  diminishes  only  in  a  trifling  degree  its  spe¬ 
cific  gravity ;  the  great  aerial  currents  formerly  described 
as  pervading  the  atmosphere,  are  scarcely  affected  by  the 
vapour  they  contain. 

When  two  portions  of  vapour,  having  different  tempera¬ 
tures,  are  mingled  together;  or  when  a  portion  of  vapour 
is  brought  into  a  state  of  mixture  or  contact,  with  a  por¬ 
tion  of  water,  or  with  any  other  body  colder  than  the 
vapour ;  the  resulting  mean  temperature ,  whatever  that 
mean  may  be,  is,  in  both  cases,  the  temperature  which  re¬ 
gulates  the  elastic  force  of  the  mixture.  Now,  since  the 
elastic  force  of  vapour  increases  most  rapidly  from  the 
temperature  of  32°  to  212°,  the  increase  being  in  a  geo¬ 
metrical  progression  ;  while  the  increase  of  the  tempera¬ 
ture  is  in  an  arithmetical  progression;  it  follows,  that 
when  two  portions  of  vapour,  of  equal  bulk,  but  of  different 
temperatures,  are  mixed  together ;  or  when  a  portion  of 
vapour  is  brought  into  contact  with  any  solid  colder  body ; 
the  resulting  mean  temperature  is  always  below  the  tem¬ 
perature  requisite  to  preserve  the  water  in  a  state  of 
vapour.  Hence,  such  mixture  or  contact  is  always  fol¬ 
lowed  by  a  portion  of  the  vapour  being  condensed  into 
water.  In  a  future  part  of  this  section,  it  will  be  neces¬ 
sary  to  illustrate  further  this  important  fact ;  but  a  familiar 
instance  may  be  noticed  here.  Let  us  suppose  that  a 
pound  of  water  at  the  temperature  of  212°,  which  being 
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in  a  state  of  steam  would  occupy  a  space  of  about  27  cubic 
feet,  were  suddenly  brought  into  mixture  with  a  pound  of 
water  at  a  temperature  of  32°;  the  effect  would  be  an 
instantaneous  condensation  of  the  greater  part  of  the 
steam  into  water.  For,  the  resulting  mean  temperature 
would  obviously  be  far  short  of  212°,  below  which  tempe¬ 
rature,  the  elastic  force  of  vapour  most  rapidly  diminishes. 
On  this  property  of  vapour,  depends  the  working  of  the 
common  steam-engine. 

The  reader  is  thus  at  length  prepared  to  enter  on  the 
complicated  subject  of  a  mixed  atmosphere  of  vapour  and 
of  air. 

We  have  shown,  that  the  rate  of  decrease  of  the  tem¬ 
perature  of  an  atmosphere  of  vapour,  in  ascending  from 
the  earth’s  surface,  would  be  very  much  slower  than  the 
rate  of  decrease  of  the  temperature  of  the  atmosphere 
of  air.  Now,  at  all  temperatures,  the  existence  of  atmo¬ 
spheric  air  is  permanent ;  while  the  very  existence  of 
vapour  is  dependent  on  temperature  :  it  follows,  therefore, 
that  in  a  mixed  atmosphere  of  vapour  and  of  air,  the 
quantity  of  vapour  contained  in  the  mixture,  is  regulated 
solely  by  the  temperature  of  the  air:  that  is  to  say,  the 
quantity  of  vapour  present  in  an  aerial  atmosphere,  can 
never  exceed,  though  it  may  be  less  than,  the  quantity 
which  is  proper  to  the  temperature  of  the  air.  If  the 
quantity  of  vapour  in  such  a  mixed  atmosphere,  be  pre¬ 
cisely  the  quantity  which  is  proper  to  the  temperature  of 
the  air ;  such  an  atmosphere  is  said  to  be  saturated  with 
vapour. 

But,  neither  at  the  earth’s  surface,  nor  at  any  height 
above  the  surface,  can  the  degree  of  saturation  of  a  mixed 
atmosphere  of  air  and  vapour,  be  quite  equal  to  the  satu¬ 
ration  which  is  proper  to  the  temperature  of  the  air ;  and 
the  difference  between  these  two  degrees  of  saturation, 
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augments  from  above,  downward.  The  cause  of  this  differ¬ 
ence  may  be  thus  explained.  The  rate  of  increase  of  the 
temperature  of  air  from  above,  downward,  being  in  arith¬ 
metical  progression ;  and  the  air  being,  in  a  mixed  atmo¬ 
sphere,  that  ingredient  which  controls  the  whole  mixture: 
the  rate  of  increase  of  the  tension  of  the  vapour,  instead  of 
following  the  geometrical  rate  which  belongs  to  vapour 
increasing  in  temperature ;  is  obliged  to  conform  to  the 
arithmetical  rate  of  increase  of  the  temperature  of  the  air. 
The  result  of  this  controlment  necessarily  is,  that  the 
quantity  of  vapour  present  in  a  mixed  atmosphere  will,  at 
any  successive  diminution  of  the  height  above  the  surface 
of  the  earth,  become  successively  less  and  less  than  the 
quantity  which  would  be  required  to  saturate  the  air.  An 
example  will  make  this  result  evident. 

At  the  Equator,  as  we  have  said,  the  temperature  of 
the  air,  about  15,000  feet  above  the  level  of  the  sea,  is 
nearly  32°.  Now,  for  the  sake  of  illustration,  let  us  sup¬ 
pose  the  air  at  this  height  to  be  saturated  with  vapour. 
From  Dr.  Dalton’s  table  of  the  tension,  or  elastic  forces, 
of  vapour  at  different  temperatures,  it  appears  that  the 
tension  of  vapour  at  32°  is  equal  to  the  weight  of  *200 
inch  of  mercury;  and  that  the  difference  between  the 
tension  of  vapour  at  32°,  and  the  tension  of  vapour 
at  33°,  the  value,  namely,  of  the  first  term  or  unit, 
in  our  assumed  arithmetical  series,  is  *007  inch  of  mer¬ 
cury.  Now,  the  difference  between  32°,  and  80°,  the 
mean  temperature  at  the  level  of  the  sea  under  the 
Equator,  is  48°.  Supposing,  therefore,  each  of  these 
48  degrees  to  increase  in  an  arithmetical  progression, 
•007  for  each  degree  ;  the  tension  for  the  whole  48  degrees 
will  amount  to  •336  ;  which  tension  added  to  *200,  the 
tension  at  32°,  gives  -536  inch,  as  the  tension  correspond¬ 
ing  to  vapour  at  80°,  the  temperature  of  the  earth’s  sur¬ 
face  under  the  Equator.  But,  by  Dr.  Daltons  same  table 
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of  tensions,  we  find  that  *536  does  not  represent  the  proper 
tension  of  vapour  at  80°,  but  of  vapour  at  about  61°  only. 
According  to  this  estimate  it  follows,  that  at  the  Equator, 
while  the  temperature  of  the  air  over  the  earth’s  surface 
is  80°,  the  point  of  saturation  of  the  air  with  vapour  is  19° 
below  that  temperature.  Hence,  at  the  Equator,  the  air 
immediately  incumbent  on  the  earth’s  surface  must  be 
comparatively  dry.  Moreover  the  cause  which  has  been 
thus  shown  to  produce  the  dryness  of  the  Equatorial  air, 
at  the  earth’s  surface,  must  all  over  the  globe  exert  dif¬ 
ferent  degrees  of  the  same  influence.  The  air ,  everywhere 
incumbent  on  the  earths  surface ,  must,  therefore ,  always 
be  under  the  point  of  saturation  ; — the  relative  degree  of 
dryness  being  highest  under  the  Equator,  and  gradually 
diminishino:  as  we  recede  north  or  south  toward  the 
Poles.^ 

In  such  a  mixed  atmosphere,  as  we  have  supposed,  and 
as  in  reality  surrounds  our  globe,  if  its  equilibrium  be  un¬ 
disturbed,  and  if  it  be  conceived  to  be  at  rest ;  the  ad¬ 
mixed  vapour  will  have  nearly  the  same  tendencies  to 
motion,  which  would  exist  in  an  atmosphere  of  pure 
vapour,  formerly  described.  But,  from  the  more  equal 
distribution  of  the  vapour,  when  mingled  with  the  air ; 
the  contrasts  between  the  specific  gravities  of  different 
portions  of  vapour,  in  different  parts  of  the  atmosphere, 
will  be  much  less  striking,  than  if  the  atmosphere  con¬ 
sisted  of  vapour  alone.  Consequently,  the  rates  of  motion 


*  The  mathematical  reader  will  observe,  that  the  quantities  given  in 
the  text  are  not  rigidly  accurate,  but  are  intended  only  for  familiar  illus¬ 
tration  of  the  principles  regulating  moisture.  The  truth  is,  as  has  been 
noticed  in  the  text,  in  no  part  of  a  vertical  column  of  a  mixed  atmosphere, 
in  a  condition  of  equilibrium  and  at  rest,  can  the  air  be  in  a  state  of 
saturation.  It  has  been  found,  that  the  degree  of  saturation  often 
continues  nearly  uniform  up  to  a  certain  point,  and  then  suddenly 
decreases. 
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depending  on  such  differences  of  specific  gravity,  will  be 
less  remarkable  in  a  mixed  atmosphere,  even  though 
saturated  with  vapour,  than  they  would  be  in  a  purely 
aqueous  atmosphere  ;  while  in  an  unsaturated  atmosphere, 
the  motions  of  the  vapour  must  be  still  more  liable  to  be 
influenced  by  the  motions  of  the  air,  than  they  would  be 
in  an  atmosphere  of  air,  at  its  utmost  point  of  saturation. 

Before  we  close  this  part  of  our  subject,  let  us  reflect 
for  a  moment,  on  the  consequences  of  the  state  of  compa¬ 
rative  dryness  of  the  lower  atmosphere  next  the  surface 
of  the  earth.  Over  the  greater  portion  of  the  earth,  the 
air  which,  during  the  day  at  least,  is  warmed  by  contact 
with  the  earth’s  surface,  and  thus  becomes  lighter,  has,  as 
we  have  said,  a  constant  tendency  to  rise  into  the 
higher  atmosphere.  Now,  if  this  air  were  saturated  with 
vapour;  of  course,  whenever  the  air  by  rising  became 
mixed  with  colder  air,  its  vapour  would  be  more  or  less 
condensed,  and  a  cloud  would  be  formed.  Hence,  if  we 
lived  in  such  an  atmosphere,  we  should  be  always  enve¬ 
loped  in  a  mist,  through  which  the  sun  would  not  be  visi¬ 
ble.  But,  by  the  benevolent  arrangement  we  enjoy,  this 
consequence  is  so  entirely  prevented,  that,  unless  under 
peculiar  circumstances,  and  always  for  beneficial  purposes, 
the  air  at  the  earth’s  surface  is  hardly  ever  saturated  with 
moisture.  The  air  which  has  been  warmed  by  contact 
with  the  earth,  can  therefore,  rise  from  the  surface,  without 
any  condensation  of  its  moisture  within  the  limits  of  its 
point  of  saturation.  Thus,  at  the  Equator,  before  the  air 
reaches  the  temperature  of  61°,  the  presumed  point  of  its 
saturation,  it  must  ascend  to  the  height  of  6000  or  7000 
feet.  At  this  height,  its  vapour  will  be  condensed,  and  a 
cloud  will  be  formed ;  which  may  either  be  precipitated 
on  the  spot  from  which  its  constituent  vapour  had  risen ; 
or  may  be  transported  by  the  currents  of  the  atmosphere, 
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similarly  to  refresh  a  distant  country ;  or  may  be  again 
dissolved  in  the  air :  while  under  all  these  contingencies, 
the  whole  of  the  lower  portion  of  the  atmosphere  is  exempt 
from  mist,  and  continues  perfectly  transparent.  These 
operations  are  unceasing :  moreover,  the  very  clouds,  by 
giving  out  their  latent  heat,  and  shielding  the  earth’s  sur¬ 
face  from  the  direct  influence  of  the  sun,  produce  a  still 
further  effect;  and  have  a  constant  tendency  to  modify 
their  own  formation  and  existence. 

The  general  result  of  all  the  complicated  and  beautiful 
machinery  connected  with  the  properties  of  vapour,  is,  as 
before  observed,  that  over  the  whole  earth,  water  is  con¬ 
stantly  ascending  into  the  atmosphere,  where  it  is  again 
condensed  in  the  form  of  rain,  & c.  We  shall  therefore 
examine  a  little  more  in  detail,  the  relations  of  the  two 
great  processes  of  evaporation  and  condensation,  by  which 
these  important  arrangements  are  accomplished. 

Thirdly.  Of  the  general  relations  of  evaporation  and 
condensation  as  they  exist  in  our  atmosphere:  and  of  the 
circumstances  by  which  these  relations  are  influenced. — 
We  have  already  described  the  general  phenomena  of 
evaporation  and  condensation,  and  have  stated  the  laws 
on  which  these  phenomena  depend.  It  will,  consequently, 
in  this  place,  be  sufficient  to  remind  the  reader,  that  the 
degree,  and  the  rate,  of  evaporation,  though  they  increase 
with  the  temperature,  are  regulated  chiefly  by  the  exist¬ 
ing  degree  of  saturation  of  the  air.  That  is,  under  all 
temperatures,  evaporation  decreases,  as  the  air  which  re¬ 
ceives  the  vapour,  approaches  its  point  of  saturation. 

From  this  statement  it  follows,  that  in  an  atmosphere 
perfectly  saturated  with  moisture,  and  in  a  state  of  ther¬ 
mal  and  dynamical  equilibrium,  there  can  be  neither  eva¬ 
poration  nor  condensation.  The  processes  of  evaporation 
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and  condensation,  therefore,  always  indicate  a  disturbance 
of  the  thermal  equilibrium  in  some  part  of  the  atmosphere  : 
condensation  denoting  a  depression  of  the  temperature 
below  the  mean,  or  point  of  thermal  equilibrium :  evapo¬ 
ration,  on  the  contrary,  denoting  that  the  temperature  in 
some  part  of  the  atmosphere  has  been  raised  above  the 
mean ;  or  at  least  that  the  temperature  having  been  de¬ 
pressed  below  the  mean,  is  again  undergoing  an  elevation 
to  the  mean  point.  Evaporation  and  condensation  may 
be  thus  considered  as  mutually  dependent ;  so  that  one 
process  cannot  take  place  without  the  other.  For  this 
reason,  in  the  great  expanse  of  nature,  these  two  processes 
oscillate  or  fluctuate  about  the  point  of  equilibrium,  within 
certain  limits  which  are  never  passed ;  and  which  limits, 
though  subject  to  countless  anomalies,  in  general,  decrease 
from  the  Equator  toward  the  Poles. 

With  respect  to  the  temperature  which  constitutes 
the  point  of  equilibrium ;  in  an  atmosphere  of  vapour, 
that  point  would,  of  course,  be  the  maximum  point  of 
saturation.  But  in  a  mixed  atmosphere  of  vapour  and 
air,  like  the  atmosphere  of  our  globe,  the  point  of  equi¬ 
librium  cannot  be  the  point  of  utmost  saturation  :  it  must 
be  that  inferior  point  of  saturation  formerly  noticed, 
as  being  determined  by  the  temperature  of  the  predomi¬ 
nant  air.  Thus  at  the  Equator,  where  the  mean  tempe¬ 
rature  at  the  level  of  the  sea  is  about  80°,  the  mean  point 
of  saturation  will,  according  to  our  former  estimate,  be 
61° ;  while  in  London,  where  the  mean  annual  temperature 
is  about  49 1-0,  the  mean  point  of  saturation,  (or  the  dew 
point ,  as  it  is  termed,)  has  been  fixed  by  Mr.  Daniell  at 
44^  °.  In  temperate  climates,  the  mean  point  of  satura¬ 
tion,  at  any  particular  place,  varies  with  the  seasons  from 
day  to  day,  being  higher  in  summer  than  in  winter. 
During  any  shorter  period,  as  during  a  day  and  night,  the 
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mean  point  of  saturation,  as  might  be  expected,  generally 
bears  a  relation  to  the  lowest  temperature  the  air  has 
reached  during  that  short  period  ;  since  the  Hygrometer * 
shows  that  the  degree  of  saturation,  at  any  hour,  is  sel¬ 
dom  below  the  point  of  saturation  corresponding  to  the 
lowest  temperature  of  the  twenty- four  hours,  at  which 
temperature,  saturation  continues  nearly  uniform  ;  so 
that  the  point  of  saturation  during  the  warmer  parts  of  the 
day  generally  varies  only  a  few  degrees.  The  elevation 
and  depression  of  the  dew  point  in  temperate  climates 
is  thus  another,  and  unceasing  cause  of  change ;  and 
produces  a  variety  in  evaporation  and  condensation  so 
great,  as  to  baffle  any  attempt  at  accurate  inquiry. 

From  what  has  been  said,  it  will  appear  that  in  a  mixed 
atmosphere,  the  rate  of  evaporation  and  of  condensation, 
other  things  being  equal,  will  depend,  not  on  the  difference 
of  the  temperature  of  the  air  from  the  maximum  point  of 
saturation,  but  on  the  difference  of  the  temperature  of  the 
air  from  the  temperature  of  the  mean  dew  point ;  that  is 
to  say,  the  rate  of  evaporation  and  of  condensation  will 
increase  or  diminish  in  the  same  degree  as  the  tempera¬ 
ture  of  the  air  rises  above,  or  falls  below,  the  temperature 
of  the  mean  dew  point. 

Of  the  nature  and  causes  of  the  motions  of  the  vapour 
through  the  air  of  the  atmosphere. — Water  is  dispersed 
through  the  atmosphere  in  two  ways:  viz.  by  the  motions 
of  vapour  properly  so  called  ;  and  by  the  motions  of  visible 
vapour  or  clouds. 

*  The  Hygrometer  is  an  instrument  for  measuring  the  degree  of 
moisture  of  the  atmosphere.  Mr.  Daniell’s  Hygrometer  is  here  alluded 
to,  which  is  the  only  one  acting  on  scientific  principles.  BanielVs 
hygrometer  shows  the  degree  of  temperature  at  which  water  is  deposited 
from  the  atmosphere,  and  consequently  its  state  of  saturation. 
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With  respect  to  the  motions  of  vapour  properly  so 
called ;  it  may  be  remarked,  that,  vapour  is  circulated 
through  the  atmosphere,  partly  by  convection  ;  but  chiefly, 
by  means  of  that  tendency  before  described,  which  water 
possesses  at  all  temperatures,  to  assume  the  form  of 
vapour,  and  to  diffuse  itself  through  the  air.  In  a  mixed 
atmosphere  of  vapour  and  air,  the  motions  of  the  vapour 
on  the  large  scale  of  the  operations  of  nature,  are  consider¬ 
ably  influenced,  no  doubt,  by  the  motions  of  the  air.  For 
example,  large  masses  of  air,  more  or  less  saturated  with 
vapour  in  proportion  to  their  respective  temperatures,  and 
having  either  vertical  or  lateral  motion,  must  carry  with 
them  the  vapour  they  contain  ;  whether  there  be  much 
or  little  vapour  so  contained.  On  the  other  hand,  motions 
of  the  air,  on  a  smaller  scale,  as  we  shall  presently  see, 
may  be  even  caused— may  certainly  be  accelerated  or  re¬ 
tarded,  according  as  the  diffusive  motion  of  the  vapour, 
next  to  be  considered,  may  agree  with,  or  may  be  opposed 
to,  these  motions  of  the  air. 

In  an  atmosphere  of  vapour,  when  the  temperature, 
and  consequently  the  elasticity,  of  any  portion  is  reduced  ; 
the  surrounding  vapour,  by  virtue  of  its  greater  elastic 
force,  continues  to  advance  toward  the  cooler  locality, 
and  to  be  there  condensed  until  the  thermal  equilibrium 
is  restored.  The  motion  thus  arising,  depends  on  the 
dynamical  properties  of  vapour ;  and  in  an  atmosphere  of 
vapour,  this  restoration  of  the  dynamical  equilibrium, 
which  depends  on  the  thermal  equilibrium,  would  take 
place  with  so  great  rapidity,  as  to  be  almost  instantaneous. 
But  in  a  mixed  atmosphere,  the  case  is  different :  in  such 
an  atmosphere,  the  presence  of  the  heavier  and  more 
abundant  air  exerts  a  remarkable  control  over  the  rapid 
motion  of  the  lighter  and  less  abundant  vapour.  Hence, 
instead  of  a  rush  of  vapour  and  a  momentary  deluge,  the 
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diffusive  motions  of  the  vapour  take  place  slowly  ;  and 
sudden  evaporation  and  condensation,  with  their  conse¬ 
quences,  are  effectually  prevented. 

These  tendencies  to  diffusive  motion,  in  vapour  of  dif¬ 
ferent  temperatures,  have,  no  doubt,  great  influence  on 
the  contiguous  surfaces  of  large  masses  of  air  differently 
saturated ;  and,  in  particular,  are  liable  to  affect  smaller 
masses  of  air  differently  saturated,  when  these  smaller 
masses  are  in  the  immediate  neighbourhood  of  each  other. 
Thus,  as  we  have  already  noticed,  the  disturbance  of  the 
equilibrium  of  the  vapour,  may  be  to  such  an  extent,  in 
some  portion  of  the  mixed  atmosphere ;  that  the  surround¬ 
ing  vapour,  urged  to  move  by  its  tendency  to  restore  the 
equilibrium,  may  occasionally  be  supposed  to  drag  with  it 
the  air  and  the  clouds,  and  thus  to  produce  local  currents. 
For  instance,  let  us  imagine  a  mass  of  warm  and  almost 
perfectly  dry  air,  to  be  brought  into  the  neighbourhood 
of  another  mass  of  air  of  precisely  the  same  temperature, 
but  saturated  with  vapour.  The  two  masses  of  air,  from 
being  of  the  same  temperature,  would,  as  air,  have  no 
tendency  to  intermingle.  But  being  portions  of  a  mixed 
atmosphere  of  vapour  and  air,  the  dryer  air  would  be,  as 
it  were,  a  vacuum,  towards  which  the  vapour  from  the 
moist  air  would  have  a  tendency  to  flow,  till  both  masses 
of  air  became  equally  moist.  In  such  a  case,  the  motion 
of  the  vapour  might  be  supposed  to  cause  more  or  less  of 
motion  in  the  air,  while  a  momentary  cloud  would  proba¬ 
bly  be  formed ;  which  cloud  would  be  dissipated  when 
the  equilibrium  was  restored.  In  this  way,  it  is  likely 
that  some  of  the  minor  motions  of  the  atmosphere  are 
produced. 

The  motions  of  visible  vapour ,  or  clouds,  are  principally 
caused  by  currents  in  the  atmosphere,  or  winds ;  and  by 
electricity.  Although  the  proper  motions  of  vapour  are 
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liable,  as  we  have  said,  to  be  considerably  influenced  by 
atmospheric  currents  ;  yet  vapour,  properly  so  called,  is 
much  less  liable  to  be  so  affected,  than  visible  vapour ;  for 
when  once  the  vapour  in  the  atmosphere  has  been  sepa¬ 
rated,  and  has  assumed  the  form  of  visible  vapour,  its  own 
proper  powers  of  motion  cease ;  and  the  vapour  becomes, 
as  a  cloud,  entirely  subject  to  the  power  of  convection. 
Visible  vapours,  therefore,  of  all  kinds,  from  their  liability 
to  be  w7afted  by  every  breeze,  are  in  a  constant  state  of 
motion ;  and  are  thus  frequently  carried  where  vapour, 
in  virtue  of  its  mere  diffusive  property,  would  never  reach. 

Another  undoubted  cause  of  the  motions  of  visible  va¬ 
pour  or  clouds,  is  Electricity.  Electricity  is  not  known 
to  exert  any  influence  on  the  motions  of  water  through 
the  atmosphere,  so  long  as  the  water  remains  simply 
vapour ;  but  the  moment  the  water  is  precipitated,  and 
assumes  the  form  of  visible  vapour,  that  is,  becomes  a 
cloud,  the  water  in  this  form  becomes  also  subject  to  elec¬ 
trical  attractions  and  repulsions,  by  which  the  motions  of 
clouds,  are  much  liable  to  be  influenced  ;  as  will  be  more 
particularly  explained  hereafter. 

Of  the  accidental  circumstances  affecting  evaporation . — 
The  accidental  circumstances  which  principally  operate  to 
affect  the  rate  of  evaporation,  are  the  greater  or  less  ex¬ 
tent  of  the  evaporating  surface;  and  the  velocity  of  satu¬ 
ration,  together  with  the  degree  in  which  the  current  of 
air  over  the  evaporating  surface  has  itself  been  previously 
saturated  with  moisture.  But  besides  these  causes  of 
change,  there  are  other  circumstances  which  probably 
have  great  influence  on  evaporation ;  some  of  which  are 
to  us  of  the  utmost  interest,  from  their  being  brought  more 
immediately  in  contact,  as  it  were,  with  our  existence. 

The  chief  of  these  additional  circumstances  affecting  eva- 
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poration  which  we  shall  notice  are  ; — circumstances  inci¬ 
dental  to  the  water  which  undergoes  evaporation ;  and 
circumstances  incidental  to  the  air  into  which  the  water 
is  evaporated. 

The  most  important  peculiarity  of  aqueous  evaporation, 
is,  that  the  rate  of  evaporation,  so  far  as  we  know,  is  not 
at  all  affected  by  the  circumstance  of  the  water  being 
frozen.  Thus  Howard  mentions  an  instance  in  the  month 
of  January,  in  a  certain  year,  when  the  vapour,  from  a 
circular  area  of  snow  five  inches  in  diameter,  amounted 
to  150  grains  between  sunset  and  sunrise ;  and  before 
the  next  evening,  50  grains  more  were  added  to  the 
amount,  the  gauge  having  been  exposed  to  a  smart  breeze 
on  the  housetop.  Under  like  circumstances,  an  acre  of 
snow  wTould,  in  the  course  of  twenty-four  hours,  evaporate 
the  enormous  quantity  of  64,000,000  grains  of  moisture ! 
Even  by  evaporation  during  the  night  only,  a  thousand 
gallons  of  water  would,  in  that  short  time,  be  raised  from 
an  acre  of  snow.  It  may  thus  be  easily  understood,  how 
a  moderate  fall  of  snow  may  entirely  vanish  during  a  suc¬ 
ceeding  northerly  gale,  without  the  slightest  perceptible 
liquefaction  on  the  surface.*  We  have  given  this  state¬ 
ment  to  satisfy  the  general  reader  of  the  fact,  that  evapo¬ 
ration  is  constantly  going  on  from  snow  and  ice  ;  indeed 
there  is  every  reason  to  believe,  as  before  stated,  that 
the  quantity  of  vapour  thus  formed  from  snow  and  ice  is 
precisely  equal  to  what  would  be  evaporated  from  water 
itself ;  provided  water  could  exist  as  a  fluid  below  the 
temperature  at  which  it  is  congealed. 

The  other  circumstances  incidental  to  water,  undergo¬ 
ing  evaporation  arise  chiefly  from  its  purity  or  impurity. 
The  presence  of  foreign  bodies  in  water,  as  of  saline 
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matters,  for  instance,  is  well  known  to  raise  considerably 
the  boiling  point  of  that  liquid ;  in  other  words,  foreign 
bodies  obviate  the  tendency  of  water  to  become  vapour, 
and  thus  diminish  its  evaporating  and  its  saturating  powers. 
Hence  the  air  over  the  sea,  though,  of  course,  much  nearer, 
in  general,  to  the  point  of  saturation  appropriate  to  the 
latitude  and  temperature,  than  air  over  the  land,  is  com¬ 
paratively  seldom  in  a  state  of  perfect  saturation ;  and 
sea- water,  so  far  from  being  capable  of  saturating  the  air 
with  moisture  up  to  the  dew  point,  has  even  the  power 
of  abstracting  a  portion  of  the  moisture  from  an  atmo¬ 
sphere  so  saturated,  and  thus,  to  a  certain  extent,  of  drying 
the  air. 

Evaporation  on  land  is  precisely  similar  to  evaporation 
from  sea-water ;  since  the  various  rocks  and  soils  may  be 
considered  as  so  many  saline  matters,  diminishing,  in  their 
several  degrees,  the  tendency  to  become  vapour  possessed 
by  the  water  united  with  them.  Under  like  circumstances, 
therefore,  some  rocks  and  soils  are  dry,  while  others  are 
moist ;  so  that,  in  proportion  to  the  evaporating  powers 
of  the  rocks  and  soil  of  a  country,  will  that  country  be 
liable  to  all  the  effects  of  dryness  or  of  dampness  of  soil. 
Plants  also  seem  to  differ  much  in  their  capacity  for  re¬ 
taining  water.  The  dryness  of  a  country  will,  consequently, 
be  considerably  influenced  by  the  nature  of  its  vegetation  ; 
and  the  predominance  of  certain  plants  or  trees  in  a 
district  may  thus  increase  the  dampness  of  its  soil. 

Regarding  the  effect  which  foreign  matters  in  the 
atmosphere  produce  on  evaporation  from  the  subjacent 
land  or  water ;  we  are  unable  to  speak  with  as  much 
confidence,  as  of  the  controlling  power  of  the  foreign 
matters  existing  in  the  water  itself.  There  is,  however, 
reason  to  believe  that  certain  constituent  elements  of  the 
atmosphere  are  occasionally  associated,  so  as  to  form  com- 
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pounds ;  and  that  these  compounds,  acting  as  foreign 
bodies,  materially  influence  evaporation.  See  Appendix. 

Of  the  accidental  circumstances  which  influence  conden¬ 
sation. — The  condensation  of  vapour  from  the  atmosphere, 
as  we  have  already  stated,  differs  in  some  degree,  accord¬ 
ing  to  the  origin  of  that  diminished  temperature  by 
which  the  condensation  is  produced.  We  shall,  therefore, 
commence  with  those  phenomena  of  the  precipitation  of 
moisture  from  the  atmosphere,  which  depend  on  the 
radiation  of  heat  from  the  earth’s  surface  into  space. 
The  most  remarkable  of  these  phenomena  are  Dew, 
Hoar  Frost ,  and  certain  forms  of  Mist. 

OfB  ew. — The  phenomena  of  dew  were  first  satisfac¬ 
torily  explained  by  the  late  Dr.  Wells;  who  showed  by 
the  most  decisive  experiments,  that,  apparently,  all  these 
phenomena  were  owing  to  the  effects  of  the  radiation  of 
heat  from  the  earth’s  surface,  during  the  absence  of  the 
sun.  The  reader  is  referred  to  Dr.  Wells’  “Essay  on 
Dewf  for  details.  It  is  sufficient  for  our  present  purpose 
to  observe,  that  when  the  direct  influence  of  the  sun  is 
removed  in  the  evening,  and  the  surface  of  the  earth  thus 
no  longer  continues  to  acquire  heat ;  at  that  instant,  from 
the  ceaseless  activity  to  maintain  a  state  of  thermal 
equilibrium,  the  surface  of  the  earth,  being  the  warmer 
body,  radiates  a  portion  of  its  superfluous  temperature  into 
the  surrounding  space  ;  and  thus  the  air  immediately  in 
contact  with  the  surface,  becomes  cooled  below  the  point 
of  saturation,  and  gives  off  a  portion  of  its  water  in  the 
form  of  dew. 

We  formerly  stated,  that  the  radiating  powers  of  bodies 
differ  exceedingly  according  to  their  composition,  the  nature 
of  their  surface,  their  colour,  &c.  These  differences,  of 
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course,  produce  corresponding  effects  on  the  deposition 
of  dew ;  and,  as  has  been  beautifully  demonstrated 
by  Dr.  W ells,  explain  its  greater  or  less  deposition  under 
certain  circumstances,  or  its  entire  absence  under  others. 
Thus,  what  formerly  appeared  so  extraordinary,  viz.  why 
in  the  self-same  state  of  the  atmosphere,  &c.  one  portion  of 
the  earth’s  surface,  or  one  portion  of  herbage,  should  be 
covered  with  dew,  while  another  in  the  immediate  neigh¬ 
bourhood  should  remain  dry,  is  no  longer  a  mystery  ;  but 
is  perfectly  explicable  on  the  supposition  of  their  different 
radiating  powers. 

The  deposition  of  dew  is  always  most  abundant  during 
calm  and  cloudless  nights,  and  in  situations  freely  exposed 
to  the  atmosphere.  Whatever  interferes  in  any  way  with 
the  process  of  radiation,  as  might  be  expected,  has  a  great 
effect  on  the  deposition  of  dew.  The  radiation  of  heat, 
therefore,  and  consequently  the  deposition  of  dew,  are 
obviated,  not  only  by  the  slightest  covering  or  shelter,  as 
by  thin  matting,  or  even  muslin ;  by  the  neighbourhood 
of  buildings,  and  innumerable  other  impediments,  near 
the  ground ;  but  matters  interposed  at  a  great  distance 
from  the  earth’s  surface  have  precisely  the  same  effect. 
Thus  clouds  effectually  prevent  the  radiation  of  heat  from 
the  earth;  so  that  cloudy  nights  are  always  warmer 
than  those  which  are  clear;  and  in  consequence,  there 
is  usually  on  cloudy  nights  little  or  no  deposition  of 
dew. 

From  dew  there  is  an  insensible  transition  to  Hoar 
Frost ;  hoar  frost  being  in  fact  only  frozen  dew,  and 
indicative  of  greater  cold.  We  see,  therefore,  that  frosty 
nights,  like  simply  dewy  nights,  are  generally  still  and 
clear. 

The  influence  of  radiation  in  producing  cold  at  the 
earth’s  surface,  would  scarcely  be  believed  by  inattentive 
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observers.  Often  on  a  calm  night,  the  temperature  of  a 
grass  plot  is  10°  or  15°  colder  than  that  of  the  air  a  few 
feet  above  it.  Hence,  as  Mr.  Daniell  has  remarked, 
vegetables,  in  our  climate,  are,  during  ten  months  of  the 
year,  liable  to  be  exposed  at  night  to  a  freezing  tempera- 
tur ;  and  even  in  J uly  and  August  to  a  temperature  only 
two  or  three  degrees  warmer.  Yet,  notwithstanding 
these  vicissitudes,  in  the  words  of  the  same  author, — “  To 
vegetables  growing  in  climates  for  which  they  are  origi¬ 
nally  designed  by  nature,  there  can  be  no  doubt  that  the 
action  of  radiation  is  particularly  beneficial,  from  the 
deposition  of  moisture  which  it  determines  upon  the 
foliage  ;  and  it  is  only  to  tender  plants,  artificially  trained 
to  resist  the  rigours  of  an  unnatural  situation,  that  this 
extra  degree  of  cold  proves  injurious.”*  It  may  be 
added,  that  trees  of  lofty  growth  frequently  escape  being 
injured  by  frost,  when  plants  nearer  the  ground  are  quite 
destroyed. 

Of  Mists  and  Fogs. — Mists  are  not  necessarily  con¬ 
nected  with  the  deposition  of  dew;  because  during  the 
deposition  of  dew,  the  atmosphere  often  continues  trans¬ 
parent,  even  to  the  earth’s  surface.  At  other  times,  how¬ 
ever,  and  for  reasons  which,  in  the  present  state  of  our 
meteorological  knowledge,  cannot  be  satisfactorily  as¬ 
signed  ;  the  deposition  of  dew  is  accompanied  by  a 
visible  vapour  or  mist,  more  or  less  dense,  and  extending 
from  the  surface  of  the  earth  to  a  greater  or  less  height 
in  the  atmosphere.  When  mists,  from  other  causes,  are 
general,  and  extend  to  considerable  heights  above  the 
earth’s  surface,  they  acquire  the  name  of  fogs.  The 
optical  properties,  and  the  buoyancy  in  the  atmosphere, 
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of  mists  and  fogs,  would  seem  to  indicate  that  they  are 
not  formed  of  solid  particles,  but  of  minute  hollow 
vesicles,  having  the  quality  of  mutual  repulsion ;  the  ten¬ 
dency  to  repel  each  other,  preventing  the  coherence  of 
the  vesicles  into  drops,  at  least  under  ordinary  circum¬ 
stances.  These  vesicles  have  been  occasionally  observed 
of  considerable  magnitude.  Thus  Saussure,  in  one  of  his 
Alpine  journeys,  saw  vesicles  float  slowly  before  him  hav¬ 
ing  greater  diameters  than  peas,  and  whose  coating  seemed 
inconceivably  thin..  It  is  proper  to  mention,  however, 
that  there  is  diversity  of  opinion  respecting  the  actual 
constitution  of  visible  vapour. 

That  the  cause  of  the  formation  of  mists  and  of  fogs  is, 
to  a  certain  extent,  similar  to  the  cause  of  the  formation 
of  dew,  appears  by  their  prevalence  over  rivers  and  large 
masses  of  water,  especially  during  the  autumnal  months. 
The  radiation  of  heat  from  the  ground,  and  from  the  water, 
is  at  that  season  very  different,  owing  to  the  difference 
of  their  temperatures  being  then  greatest.  In  autumn 
the  temperature  of  the  water  is  both  by  day  and  by  night 
nearly  uniform  at  40°,  its  point  of  maximum  density; 
while  the  temperature  of  the  ground  is,  during  the  day, 
much  higher  than  40°,  and  during  the  night  often  much 
under  that  temperature.  The  water  in  most  cases  occupy¬ 
ing  the  lowest  situations  ;  whenever,  from  the  inequalities 
of  the  surface  of  the  ground,  or  from  any  other  cause,  the 
colder  air  produced  by  radiation  over  the  ground,  is  made  to 
mix  itself  with  the  warmer  air  over  the  water ;  the 
moisture  in  the  warmer  air  is  condensed,  so  as  to  become 
mist.  Hence  the  cause  of  the  formation  of  mist  differs 
slightlv  from  the  cause  of  the  formation  of  dew ;  inas- 
much  as  there  is  occasionally  (not  always)  an  intermixture 
of  air  of  different  temperatures  when  mist  is  formed.  We 
can  thus  easily  explain  the  fogs  and  mists  so  frequently 
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seen  over  rivers  and  in  valleys ;  or  in  other  situations, 
where  there  is  a  collection  of  water.  The  occurrence  of 
such  mists  is  usually  on  clear  and  cold  nights, — oftenest 
in  autumn,  and  seldom  or  never  in  cloudy  weather ;  the 
state  of  the  atmosphere  having  exactly  the  same  influence 
on  these  mists,  as  on  the  deposition  of  dew.  There 
cannot  be  a  doubt  that  these  mists,  like  clouds,  pro¬ 
duce  a  great  effect  in  impeding  radiation,  and  mitigating 
the  intensity  of  cold.  Mists  are  therefore  of  much 
importance  in  the  economy  of  nature.  Plants  growing 
in  low  grounds  are  by  them  shielded  from  the  destroying 
influence  of  the  sudden  cold,  which  would  almost  unavoid¬ 
ably  be  produced,  not  only  by  the  free  radiation  of  heat 
in  such  situations,  but  by  the  descent  of  cold  air  from  the 
surrounding  high  grounds. 

The  fogs  which  hang  over  great  towns  admit  of  an 
explanation  similar  to  that  of  other  aqueous  fogs.  The 
air  of  the  town  being  warmer  than  the  air  of  the  surround¬ 
ing  country,  and  being  at  the  same  time  charged  with 
moisture  nearly  to  the  point  of  saturation,  is,  in  cold 
weather,  suddenly  cooled,  either  by  the  radiation  of  its 
own  heat,  or  by  the  admixture  of  the  neighbouring  cold 
air;  while  the  superfluous  moisture  is  condensed  as  a 
fog. 

The  fogs  of  high  latitudes,  more  especially  the  fogs  of 
the  Polar  seas,  are  in  the  same  manner  owing  to  the 
radiation  of  heat.  The  cooling  of  the  air,  over  the 
immense  masses  of  floating  ice,  gives  rise  to  an  unequal 
distribution  of  temperature,  and  thus  at  certain  seasons, 
to  uninterrupted  fogs.  It  is  probable  that  in  all  these 
instances,  the  fogs  beneficially  alleviate  the  severity  of 
cold,  by  checking  great  and  sudden  alternations  of  tem¬ 
perature  ;  which  would  otherwise  much  interfere  with  the 
operations  of  organic  life. 
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Fogs  have  been  sometimes  observed  of  a  strong  odour, 
apparently  the  result  of  an  admixture  of  foreign  bodies. 
In  a  subsequent  paragraph  these  fogs  will  be  more 
fully  considered. 

Of  Clouds. — From  mist  and  fogs  the  transition  to 
clouds  is  easy  and  natural ;  as  clouds,  in  reality,  are  nothing- 
more  or  less  than  masses  of  visible  vapour,  precisely  simi¬ 
lar  to  the  vapour  composing  fogs,  but  produced  at  a  dis¬ 
tance  above  the  earth’s  surface.  Clouds  differ  principally 
from  mists  and  fogs  in  their  mode  of  formation.  Thus 
mists,  like  dew,  as  we  have  seen,  are  the  result  of  the 
cooling  of  the  lower  strata  of  the  atmosphere  by  radia¬ 
tion.  Fogs  are  so  far  the  result  of  radiation,  that  they 
usually  arise  from  the  influence,  which  air  cooled  by 
radiation,  exerts  on  warmer  air.  While  clouds  probably 
depend  altogether  on  convection  ;  and  result  from  the 
intermixture  of  strata  of  air  of  different  temperatures, 
and  in  different  states  of  saturation,  in  the  higher  regions 
of  the  atmosphere. 

Such  is  the  general  opinion  of  the  formation  of  clouds : 
but  it  must  be  confessed  that  there  are  considerable  diffi¬ 
culties  about  the  subject ;  and  that  the  mere  assumption 
of  strata  of  different  temperatures,  more  or  less  saturated 
with  vapour,  and  having  the  motions  supposed  to  depend 
on  such  different  temperatures  and  degrees  of  satura¬ 
tion,  seems  quite  inadequate  to  account  for  all  the 
phenomena  connected  with  the  formation  and  appearance 
of  clouds. 

From  the  principles  formerly  stated  when  we  described 
the  phenomena  and  properties  of  a  mixed  atmosphere  of 
air  and  vapour,  it  appears,  that  clouds  in  general  must  be 
formed  at  that  elevation  in  the  atmosphere,  in  which  the 
mean  temperature  of  the  air  becomes  equal  to,  or  falls 
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below,  the  point  of  saturation  of  such  air.  This  elevation, 
which  may  be  said  to  constitute  the  region  of  clouds , 
must  of  course  be  highest  under  the  Equator — an  infer¬ 
ence  supported  by  fact ;  for  it  has  been  observed  that 
within  the  tropics,  the  clouds  are  most  frequently  higher 
than  in  the  temperate  zones ;  and  in  the  temperate  zones, 
the  clouds  appear  to  be  higher  in  summer  than  they  are 
in  winter.  In  the  temperate  zones,  Gay  Lussac  thinks 
that  clouds,  in  general,  are  upheld  at  an  average  distance 
from  the  earth’s  surface  of  between  1500  and  2000  yards. 
Occasionally,  however,  clouds  have  a  much  greater  alti¬ 
tude  ;  and  the  Cirrus ,  a  form  of  cloud  to  be  presently 
described,  has  been  seen  far  above  the  greatest  elevation 
hitherto  attained  by  man. 

In  some  parts  of  the  world,  clouds  are  rarely  seen ; 
while  in  other  parts,  the  sky  is  seldom  cloudless.  Such 
extremes  are  usually  confined  to  extreme  climates,  or 
depend  on  local  causes.  In  the  temperate  zones,  from 
the  irregularity  of  the  atmospheric  currents,  and  from  the 
other  innumerable  circumstances  calculated  to  disturb  the 
equilibrium  of  the  atmosphere,  the  general  character  of 
clouds  varies  much,  even  under  the  same  parallel  of 
latitude.  Hence  all  the  infinite  variety  of  sunshine, 
and  of  shower,  which  more  especially  distinguish  the 
temperate  zones,  and  our  own  variable  sky  in  particular; 
where  they  exert  such  constant  and  commanding  influ¬ 
ence  on  our  comfort  and  well-being,  as  to  become  almost 
interwoven  with  our  very  existence. 

Though  clouds  are  of  endless  diversity  of  figure  and 
appearance,  they  have  been  classed  by  Howard  under 
three  primary  forms,  and  four  modifications.  The  three 
primary  forms  are  : 

The  Cirrus ,  composed  of  fibrous- like  stripes,  parallel, 
flexuous,  or  diverging,  and  extensible  in  all  directions. 
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The  Cumulus ,  heaped  together,  in  convex,  or  in 
conical  masses,  and  increasing  upward  from  a  horizontal 
base. 

The  Stratus ,  spreading  horizontally  in  a  continuous 
layer,  and  increasing  from  below. 

The  first  of  these  forms,  the  cirrus,  is  confined  chiefly 
to  the  higher  regions  of  the  atmosphere.  The  second 
form,  the  cumulus,  occupies  a  lower  but  still  an  elevated 
station ;  while  the  third  form,  the  stratus,  usually  rests 
on  the  surface  of  the  earth,  constituting  the  mists  already 
described  in  this  chapter. 

Of  the  four  modified  forms  of  clouds,  two  are  inter¬ 
mediate,  and  two  are  composite. 

The  first  of  the  intermediate  forms  is  the  Cirro-Cumu¬ 
lus ,  consisting  of  small  roundish,  and  well-defined  masses 
in  close  horizontal  arrrangement. 

The  masses  that  compose  the  second  intermediate  form 
of  clouds,  the  Cirro-Stratus ,  are  likewise  small  and 
rounded,  but  are  attenuated  towards  a  part,  or  towards 
the  whole,  of  their  circumference.  They  are  sometimes 
separate :  when  in  groups,  their  arrangement  is  either 
horizontal,  or  slightly  inclined,  and  the  masses  are  either 
bent  downwards  or  are  undulated. 

Of  the  two  composite  forms  of  clouds,  the  first  is  the 
Cumulo- Stratus,  made  up  of  the  Cirro-Stratus  blended 
with  the  Cumulus  ;  the  Cirro-Stratus  being  either  inter¬ 
mingled  with  the  larger  masses  of  the  Cumulus,  or  widely 
enlarging  the  cumulous  base. 

The  second  composite  form,  and  the  last  of  the  four  modi¬ 
fications,  of  clouds,  is  the  Cumulo- Cirro-Stratus,  or  Nim¬ 
bus,  the  rain-cloud ;  being  that  cloud,  or  system  of  clouds, 
from  which  rain  is  falling.  The  nimbus  is  a  horizontal 
layer  of  aqueous  vapour,  over  which,  clouds  of  the  cirrous 
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form  are  spread ;  while  other  clouds  of  the  cumulous  form, 
enter  it  laterally  and  from  beneath. 

A  little  attention  will  enable  any  one  to  discriminate 
these  varieties  of  clouds ;  at  least  when  their  forms  are 
well  defined.  Yet,  it  must  be  acknowledged  that 
clouds  often  assume  forms  to  which  it  is  difficult  to 
give  a  name. 

With  respect  to  the  motion  of  clouds,  it  may  be  re¬ 
marked  that  there  is  not  perhaps  a  more  frequent  subject 
of  optical  delusion,  nor  any  thing  regarding  which,  we  are 
more  liable  to  be  mistaken.  Into  such  inquiry  it  would 
be  quite  inconsistent  with  the  design  of  this  treatise  were 
we  to  enter  minutely ;  but  we  offer  the  following  brief 
illustration.  Let  us  suppose  a  cloud  moving  from  the 
distant  horizon  toward  the  place  where  we  stand.  Let 
us  also  suppose  that  the  cloud,  during  its  motion,  retains 
its  size  and  figure  unchanged ;  and  that  it  proceeds  along 
its  course  in  a  uniform  horizontal  line.  A  cloud  so  mov¬ 
ing,  when  first  seen,  will  appear  to  be  in  contact  with  the 
distant  horizon ;  and  will  thus  necessarily,  from  its  remote 
position,  appear  to  be  much  smaller  than  in  reality  it  is. 
During  its  advance  toward  us,  the  cloud  will  seem  to 
rise  into  the  sky,  and  to  become  gradually  larger,  till 
it  is  completely  overhead.  Continuing  its  progress,  it 
will  then  seem  again  to  descend  from  the  zenith,  and  to 
lessen  in  size  as  gradually  as  it  had  before  increased :  till 
at  last  it  vanishes  in  the  distance,  opposite  to  where  it 
commenced  its  movement.  Thus  the  same  cloud,  with¬ 
out  deviating  from  its  motion  in  a  straight  line,  and 
retaining  throughout  the  same  size  and  figure,  will,  by 
optical  delusion,  seem  continually  to  vary  in  magnitude. 
The  line  of  its  motion  also,  instead  of  being  straight,  will 
appear  to  be  a  curve  having  its  vertex  directly  above  us, 
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and  its  extremes  boundless  in  opposite  points  of  the 
horizon.  We  have  given  the  most  simple  case  that  can 
be  supposed.  But  clouds,  as  they  exist  in  nature,  are 
unceasingly  varying  in  shape,  in  magnitude,  in  course, 
and  in  velocity ;  so  that  to  form  a  just  estimate  of  their 
figure  and  direction,  or  to  unravel  their  motions,  becomes 
absolutely  impossible. 

After  what  has  been  stated,  it  will  be  superfluous  to 
dwell  on  the  uses  of  clouds  in  the  economy  of  nature ;  we 
shall  therefore  briefly  remind  the  reader  of  a  few  only  of 
the  most  obvious  benefits  derived  from  clouds.  The  first 
of  these  benefits  claiming  our  attention,  is,  that  on  the 
large  scale  at  least,  clouds  constitute  a  sort  of  intermediate 
state  of  existence  between  vapour  and  water ;  by  which, 
sudden  depositions  of  water,  and  the  consequences,  are 
entirely  prevented.  If  all  the  water  separated  from  the 
atmosphere  fell  at  once  to  the  earth,  in  the  state  of  water, 
we  should  be  constantly  liable  to  deluges  and  other  in¬ 
conveniences  ;  the  whole  of  which  are  obviated,  by  the 
present  beautiful  arrangement.  Again,  clouds  are  one 
great  means  by  which  water  is  transported  from  seas  and 
oceans,  to  be  deposited  far  inland,  where  water  otherwise 
would  never  reach.  Clouds  also  greatly  mitigate  the  ex¬ 
tremes  of  temperature.  By  day,  they  shield  vegetation 
from  the  scorching  influence  of  the  solar  heat,  and  pro¬ 
duce  all  the  agreeable  vicissitude  of  shade  and  sunshine : 
by  night,  the  earth,  wrapt  in  its  mantle  of  clouds,  is  en¬ 
abled  to  retain  that  heat  which  would  otherwise  radiate 
into  space  ;  and  is  thus  protected  from  the  opposite  influ¬ 
ence  of  the  nocturnal  cold.  These  benefits  arising  from 
clouds  are  most  felt  in  countries  without  the  Tropics, 
which  are  most  liable  to  great  changes  of  temperature. 
Indeed,  clouds  constitute  one  great  means  by  which  in  tem¬ 
perate  climates,  the  extremes  of  heat  and  cold  are  regu- 
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lated.  Lastly,  whether  we  contemplate  them  with  respect 
to  their  form,  their  colour,  their  numerous  modifications, 
or,  more  than  all,  their  incessant  state  of  change;  clouds 
prove  a  source  of  never-failing  interest,  and  may  be  classed 
among  the  most  beautiful  objects  in  nature. 

Having  finished  the  consideration  of  the  various  states 
of  visible  vapour ;  we  are  now  to  examine  the  phenomena 
of  the  jweeipitation  of  water  from  the  atmosphere  in  the 
form  of  Snow ,  Sleet ,  Rain ,  and  Hail.  We  shall  first 
speak 

Of  Snow. — We  commence  with  snow,  because  it  offers 
the  most  simple  case  of  the  precipitation  of  water  from 
the  atmosphere  ;  snow  being  nothing  more  than  the  frozen 
visible  vapour  composing  clouds.  Hence  a  hake  of  snow, 
examined  with  a  high  magnifier,  exhibits  a  beautiful  dis¬ 
play  of  minute  crystals,  often  possessing  the  greatest 
variety  of  figure. 

When  the  temperature  of  the  atmosphere,  down  to  the 
earth’s  surface,  is  constantly  below  the  freezing  point ;  it 
is  obvious  that  any  moisture  separated  from  the  atmo¬ 
sphere  must  assume  the  solid  form.  If  the  quantity  sepa¬ 
rated  be  small,  the  frozen  particles  of  water  remaining 
detached,  float  in  the  atmosphere  in  the  state  of  crystal¬ 
lized  spiculse,  and  thus  give  origin  to  what  is  called  the 
frost-smoke ;  a  phenomenon  not  unfrequently  witnessed  in 
polar  latitudes.  Even  in  terrq:>erate  climates,  the  same 
thing  has  been  supposed  occasionally  to  take  place  in  the 
higher  regions  of  the  atmosphere,  and  thus  to  produce 
certain  optical  phenomena,  to  which  we  shall  hereafter 
refer. 

The  above  are  comparatively  rare  phenomena.  Most 
generally,  the  quantity  of  water  separated,  is  so  large,  that 
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the  crystallized  particles  are  agglutinated  together  into 
masses  or  flakes ,  and  thus  fall  down  in  the  form  of 
snow.  When  the  quantity  deposited  is  very  great,  as 
is  often  the  case  ;  there  can  be  no  doubt,  that  the  causes 
operating  to  produce  large  deposition,  are  precisely 
similar  to  the  causes  which  produce  rain  in  warmer 
climates ;  and  which  will  be  considered  in  a  subsequent 
paragraph. 

Such,  in  few  words,  is  the  mode  in  which  snow  is 
formed;  and  being  thus  formed  the  reason  is  at  once 
apparent,  why  during  the  winter  in  temperate  climates, 
and  throughout  the  whole  year  in  the  Polar  climates,  most 
of  the  water  that  falls  to  the  earth  assumes  the  condition 
of  snow. 

We  formerly  mentioned  how  much  we  owe  to  the 
whiteness  of  snow ;  and  we  may  now  add  that  we  owe 
still  more,  to  its  low  conducting  properties ,  and  to  its  light¬ 
ness.  Thus,  by  its  low  conducting  properties,  snow  shields 
vegetation  from  the  rigorous  cold  of  the  higher  latitudes  ; 
where  every  thing  herbaceous  would  be  destroyed  during 
the  winter,  were  it  not  for  the  protecting  influence  of 
snow.  Again,  if  the  water  which  now  descends  to  the 
earth  as  snow,  were  to  be  precipitated  in  the  form  of  solid 
masses  of  ice ;  vegetation  would  be  destroyed,  and  the 
whole  of  the  colder  parts  of  the  world  would  be  uninha¬ 
bitable  ! 

It  has  been  remarked,  in  temperate  climates  more  espe¬ 
cially,  that  the  air  is  usually  warmer  while  snow  is  falling, 
than  before  or  after.  This  increase  of  temperature  pro¬ 
bably  arises  from  the  extrication  of  heat,  in  the  sensible 
form,  during  the  transition  of  the  vapour  from  a  fluid  to  a 
solid  state.  Snow-water  has  also  been  said  to  contain 
much  oxygen,  and  thus  to  be  particularly  favourable  to 
vegetation. 
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Sleet ,  is  half  melted  snow ;  and  constitutes  the  inter¬ 
mediate  condition  of  water  between  the  condition  of  snow, 
and  that  of  rain,  to  be  next  considered. 

OfR  ain. — When  the  temperature  of  the  air  is  above 
32°,  the  freezing  point  of  water ;  the  water  separated  from 
the  air  falls  to  the  earth  in  the  state  of  rain.  Such  is  a 
general  expression  of  the  fact ;  but  after  all  the  attention 
that  has  been  bestowed  on  the  phenomena  of  rain,  many 
difficulties  attend  the  investigation,  which  have  not  yet 
been  surmounted. 

It  cannot  be  doubted  that  rain  is  in  some  way  connected 
with  change  of  temperature ;  the  perplexity  attending  the 
subject,  arises,  partly  from  the  impossibility,  in  many  in¬ 
stances,  of  accounting  for  the  supposed  change  of  tempera¬ 
ture  ;  but  much  more  from  the  difficulty  of  understanding 
how  this  change  of  temperature  operates.  According  to 
the  usual  opinion,  the  precipitation  of  wTater  from  the 
atmosphere,  is  the  effect  of  the  mingling  together  of  cur¬ 
rents  of  warm  and  of  cold  air,  which  are  supposed  to 
act  on  each  other  in  the  following  manner : 

From  the  law  of  the  tension  of  vapour,  already  described, 
it  follows,  that  when  two  currents  of  air  having  different 
temperatures,  but  both  alike  saturated  with  vapour,  are 
mixed  together ;  though  the  resulting  temperature  of  the 
mixture  will  be  the  mean  of  the  two,  the  resulting  tension 
of  the  vapour  will  not  be  likewise  the  mean.  The  result¬ 
ing  tension  of  the  vapour  will  always  exceed  the  tension 
belonging  to  the  resulting  mean  temperature ;  conse¬ 
quently,  there  will  be  an  excess  of  vapour,  which  will  be 
precipitated  in  the  form  of  water.  Thus  let  us  suppose  two 
currents  of  air,  both  saturated  with  vapour,  the  one  having 
a  temperature  of  40°,  and  the  other  a  temperature  of  60° ; 
and  that  these  two  currents  of  air  are  mingled  together ; 
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Inch  of  Mercury. 

The  tension  or  elastic  force  of  vapour  at  40°  is  equal  to  -  *263 

of  vapour  at  60°  is  -  -  -  *524 


•787 


Mean  Tension  -  -  *393 

Whence  it  appears,  that  the  mean  temperature  of  the  two 
volumes  of  air  is  50°,  and  the  mean  of  the  elasticities  of 
their  vapour  *393  inch.  But  the  actual  tension,  or  elastic 
force,  of  vapour  at  50°,  is  not  *393  inch,  but  only  *375  inch  : 
after  the  intermixture,  therefore,  of  the  two  currents,  a 
quantity  of  vapour  will  remain,  proportionate  to  the  ten¬ 
sion  of  *018  inch  ;  and  as  this  superfluity  of  vapour  cannot 
be  held  in  solution  by  air  of  the  mean  temperature  of  50°, 
it  will  be  separated  in  the  form  of  clouds,  or  of  rain,  ac¬ 
cording  to  circumstances. 

Such  in  few  words,  are  the  opinions  respecting  rain  first 
advanced  by  Dr.  Hutton ;  and  notwithstanding  some  diffi¬ 
culties  about  these  opinions,  there  can  be  little  doubt 
of  their  general  accuracy.  The  subject  of  condensa¬ 
tion  may  perhaps  be  further  elucidated,  by  the  principles 
regulating  a  mixed  atmosphere  of  vapour  and  air,  which 
were  formerly  explained : 

When  two  currents  of  atmospheric  air  of  different 
temperatures,  and  each  charged  with  vapour  up  to 
the  point  of  saturation,  are  brought  into  contact ;  they 
begin  to  intermingle,  by  virtue  of  the  diffusive  tendencies 
of  the  air  and  vapour,  and  the  immediate  result  will  be 
the  formation  of  visible  vapour ;  that  is  to  say,  of  a  cloud. 
If  the  currents  are  continuous  and  uniform,  the  clouds  soon 
spread  in  all  directions,  so  as  to  occupy  the  whole  hori¬ 
zon  ;  while  the  additional  moisture  incessantly  brought  by 
the  warmer  current,  keeps  up  a  constant  supply  for  com 
densation,  and  produces  a  great  and  continued  deposition 

u  2 


292 


METEOROLOGY. 


of  moisture  in  the  form  of  rain.  By  degrees,  the  currents 
completely  intermingle,  and  acquire  a  uniform  tempera¬ 
ture  ;  condensation  then  ceases ;  the  clouds  are  redis¬ 
solved  ;  and  the  whole  face  of  nature,  after  being  cooled 
and  refreshed  by  the  necessary  rain,  is  again  enlivened  by 
sunshine,  thus  rendered  still  more  agreeable,  by  its  con¬ 
trast  with  the  previous  gloom. 

In  this  manner,  the  principles  formerly  detailed,  maybe 
applied  to  the  explanation  of  the  phenomena  of  rain  ;  and 
as  far  as  the  explanation  goes,  it  is  perhaps  quite  satisfac¬ 
tory.  It  must,  however,  be  allowed,  as  we  have  before 
stated,  that  the  utmost  information  we  can  at  present 
bring  to  bear  on  the  subject  of  the  general  condensation 
of  moisture  from  the  atmosphere,  and  of  rain  in  particular, 
leaves  it  involved  in  considerable  obscurity. 

The  following  additional  particulars,  regarding  the  ef¬ 
fects  of  different  localities  ;  and  of  different  circumstances 
in  the  same  locality ,  which  appear  to  influence  the  fall  of 
rain,  may  interest  the  general  reader. 

It  has  been  remarked,  that  in  the  greater  number  of 
instances,  more  rain  falls  in  the  neighbourhood  of  the  sea , 
than  at  sea ;  a  fact  easily  understood  from  the  principles 
which  have  been  stated.  Among  mountains  also,  more 
rain  falls  than  on  plains ;  the  excess  is  indeed  striking. 
Thus  in  our  own  country,  at  Kendal  and  Keswick,  both 
inclosed  by  mountains,  the  annual  fall  of  rain  amounts  to 
67  j  and  54  inches  respectively;  while  in  many  inland 
places,  the  quantity  of  rain  that  falls  in  the  course  of  a 
year,  hardly  exceeds  25  inches.  So  at  Paris,  the  annual 
fall  of  rain  is  only  about  20  inches,  but  at  Geneva  42^ 
inches :  and  on  the  Great  St.  Bernard,  the  highest 
meteorological  station  in  Europe,  upwards  of  63  inches  of 
rain  fall  during  the  twelve  months. 

Although  more  rain  falls  in  mountainous  districts  than 
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on  plains;  it  has  been  completely  established,  that  more 
rain  falls  at  the  foot  of  a  mountain,  than  on  its  top.  In 
general,  too,  a  larger  proportion  of  rain  is  separated  from 
the  air,  near  the  earths  surface ,  than  at  any  height  above 
it ;  a  discrepancy,  which,  though  it  explains  the  fact  just 
mentioned,  is  itself  difficult  to  be  explained  in  the  present 
state  of  our  knowlege. 

In  most  Tropical  countries ,  rain  falls  only  at  particular 
seasons  of  the  year,  there  being  scarcely  any  rain  during 
the  other  seasons.  Thus  at  Bombay,  the  rainy  months  are 
June,  July,  August,  September,  and  October,  while  the 
other  months  are  almost  without  rain  ;  but  on  the  opposite 
side  of  India,  along  the  Coromandel  coast,  the  time  of  the 
occurrence  of  the  rainy  season  is  reversed  :  facts  strongly 
illustrative  of  the  effect  of  the  intervention  of  the  high 
table  land  that  separates  the  two  coasts ;  and  which  pro¬ 
bably,  by  influencing  the  atmospheric  currents,  gives  rise 
to  this  singular  alternation  of  weather. 

In  temperate  climates ,  though  the  total  quantity  of  rain 
that  falls  be  much  less  than  within  the  Tropics,  there  is 
no  protracted  dry  season ;  and  the  rainy  days  in  the  year 
are  more  numerous,  the  nearer  we  go  to  the  Poles.  Still 
in  general,  more  rain  seems  to  fall  in  the  temperate  cli¬ 
mates  of  the  northern  hemisphere  during  the  last  six, 
than  during  the  first  six  months  in  the  year. 

Among  the  circumstances  which  influence  the  quantity 
of  rain  in  the  same  locality,  the  most  remarkable  are  dimi¬ 
nution  of  temperature  and  the  unusual  prevalence  of  cer¬ 
tain  winds. 

With  respect  to  diminution  of  temperature ,  it  has  been 
observed  that  almost  all  wet  seasons,  or  at  least  wet  sum¬ 
mers,  in  temperate  climates,  are  unusually  cold.  Now, 
from  the  principles  formerly  advanced  it  will  be  easily 
understood,  how  a  depression  of  the  temperature  below 
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the  general  standard  in  any  locality,  may  give  rise  to  a 
greater  precipitation  of  moisture  in  that  locality.  The 
locality  which  has  become  colder  than  those  around  it, 
acts  as  a  refrigeratory,  and  not  only  condenses  and  thus 
deprives  of  their  elastic  force,  all  the  vapours  which  are 
in  contact  with  it ;  but  the  neighbouring  vapours  rush 
toward  the  colder  locality  as  toward  a  vacuum,  either  in 
the  form  of  visible  vapour  or  clouds,  in  which  case  they 
are  carried  by  the  winds ;  or  as  invisible  vapour,  in  which 
form  their  movement  may  be  determined  by  diffusion. 

The  effect  of  the  unusual  'prevalence  of  certain  winds  in 
producing  an  increase  of  rain,  or  the  reverse,  is  well  known, 
and  is  quite  intelligible  on  the  principles  we  have  ex¬ 
plained.  Thus  in  tropical  climates,  during  the  steady 
prevalence  of  the  trade  winds,  the  currents  intermingle 
but  little,  the  atmosphere  is  perfectly  cloudless,  and  no 
condensation  takes  place.  But  when  these  great  currents, 
following  the  course  of  the  sun,  begin  at  certain  seasons 
of  the  year  to  shift  their  direction ;  their  uniform  course 
suffers  derangement,  they  become  intermixed,  and  con¬ 
densations  of  moisture  commensurate  with  the  high  tem¬ 
perature,  are  produced  to  an  extent  quite  unknown  in 
temperate  climates.  These  condensations  form  the  violent 
periodical  rains  of  hot  climates.  So  also  in  temperate 
climates,  as  for  instance  in  our  own  country,  winds  coming 
from  the  south  and  from  the  west  are  from  a  warmer 
climate,  and  hold  much  vapour  in  solution  ;  while  winds 
from  the  opposite  points  are  colder,  and  are  therefore  re¬ 
latively  drier.  Hence  winds  from  the  south  and  from  the 
west,  are  more  frequently  accompanied  by  rain,  than  winds 
from  the  north  and  from  the  east :  though  as  we  might 
expect,  the  precipitation  of  rain  is  most  decided,  during 
the  conflicts  between  these  opposite  currents,  which  some¬ 
times  extend  over  a  large  tract  of  country.  The  long  pre- 
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valence  of  certain  winds  may  thus  cause  the  seasons  to  be 
wet  in  one  part  of  the  world,  and  dry  in  another;  the 
water  being  as  it  were,  distilled  off  from  the  one,  in  order 
that  it  may  be  precipitated  on  the  other.  Yet  the  whole 
amount  of  the  rain  in  the  two  countries  may  perhaps  differ 
very  little  from  the  usual  average,  while  the  two  coun¬ 
tries  have  the  benefit  of  variety  in  the  general  amount  of 
their  rain ;  which  variety  may  ,be  salutary  at  particular 
periods,  and  may  even  be  necessary  to  their  well  being. 

Before  we  end  the  examination  of  the  phenomena  of 
rain,  it  may  be  proper  to  advert  to  the  generally  admitted 
influence  of  the  Moon  on  the  weather,  and  especially  on 
the  fall  of  rain.  This  influence,  however,  can  hardly, 
in  the  present  state  of  our  knowledge,  be  brought  to 
elucidate  the  phenomena  of  rain  ;  so  great  are  the  dis¬ 
turbing  effects  of  local  and  other  peculiarities. 

Of  Hail . — The  last  form  in  which  we  have  to  consider 
the  precipitation  of  water  from  the  atmosphere,  is  hail. 
Hail  may  be  regarded  as  consisting  of  drops  of  rain,  more 
or  less  suddenly  frozen  by  exposure  to  a  temperature 
below  32°.  If  the  degree  of  cold  has  been  very  sudden 
and  intense,  which  is  often  the  case,  the  icy  nucleus,  from 
its  being  of  a  temperature  far  below  the  freezing  point, 
acquires  magnitude  as  it  descends,  by  condensing  on  its 
surface  the  vapour  of  the  lower  regions  of  the  atmo¬ 
sphere.  Hence,  even  under  ordinary  circumstances,  hail¬ 
stones  often  become  of  considerable  size,  are  nearly 
always  more  or  less  rounded,  and  when  broken,  are  seen 
to  be  composed  of  concentric  layers. 

From  what  has  been  stated  it  will  be  readily  inferred, 
that  hail  is  not  a  product  of  extreme  climates  ;  indeed 
hail  may  be  considered  peculiar  to  temperate  climates,  since 
it  rarely  ever  occurs  beyond  the  latitude  of  60°.  Hail  is 
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most  frequent  in  spring  and  in  summer,  when  it  is  often 
accompanied  by  thunder.  It  seldom  hails  in  winter ;  and 
hail  during  the  night  is  very  uncommon.  In  tropical 
countries  there  is  little  hail  in  any  place  that  is  not 
more  than  2000  feet  above  the  level  of  the  sea :  in  tem¬ 
perate  climates,  on  the  contrary,  mountain  tops  are 
almost  free  from  hail.  Certain  countries,  especially  some 
parts  of  France,  are  very  liable  to  hail  storms ;  and 
such  is  at  times  the  fury  of  these  storms  that  they  lay 
waste  whole  districts.  There  are  on  record  many  in¬ 
stances  of  these  calamitous  visitations;  which  are  usually 
accompanied  by  whirlwinds,  and  by  the  most  appalling 
electrical  phenomena.  During  storms  of  such  degree  of 
severity,  hail  stones  have  sometimes  fallen  of  enormous 
magnitude,  and  often  of  an  irregular  shape,  as  if  they 
were  the  fragments  of  a  thick  sheet  of  ice  suddenly 
broken :  a  supposition  which  alone  will  explain  the  forma¬ 
tion  of  angular  masses,  many  inches  in  size,  and  many 
pounds  in  weight.  The  production  in  the  middle  of 
summer  of  the  intense  cold  which  is  thus  indicated,  is  a 
puzzle,  philosophers  have  been  unable  to  solve. 

Of  the  actual  Quantity  of  W ater  that  is  evaporated  and 
condensed  over  the  Globe. — Before  we  close  the  subjects 
of  evaporation  and  condensation,  it  remains  to  make  a 
few  observations  on  the  actual  quantity  of  water  that  is 
evaporated  and  condensed  over  the  globe. 

From  the  principles  we  have  stated,  it  will  appear, 
that  the  quantity  of  water  evaporated  and  condensed 
over  the  globe,  may  be  supposed  to  vary  with  the  mean 
temperature,  and  consequently  with  the  latitude.  The 
following  table  shows  the  general  truth  of  this  supposition ; 
and  that  the  average  quantity  of  rain  diminishes  from 
the  Equator  to  the  Poles.  In  fact,  a  much  larger  quan- 
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tity  of  rain  must  fall  in  the  Equatorial,  than  in  the  Polar 
regions,  as  is  sufficiently  proved  by  the  magnitude  of  the 
rivers  within  the  Tropics ;  for  the  size  of  the  rivers  of 
course  depends  on  the  quantity  of  the  rain  ;  the  rivers 
being  the  conduits  along  which  a  certain  portion  of  the 
precipitated  water  is  borne  to  the  sea. 


TABLE. 


Uleaborg 

Petersburg!! 

Paris 

London 

Edinburgh 


Inches. 

13  5 
16,  17-5 
19-9 

*20.7,  f'22'2,  {25.2 
22,  24-5,  §26-4 


Mean  of  Carlsruhe,  Manheim,  Stuttgard,  Wurtzburg,  Augsburg, 


and  Regensburg,  (Schow) 

- 

- 

- 

25-1 

Epping  - 

- 

- 

27*0 

Bristol  - 

- 

- 

- 

29-2 

England  (Dalton’s  mean) 

- 

- 

31*3 

Liverpool  - 

- 

- 

- 

34-1 

Manchester  - 

- 

- 

36.1 

Rome  - 

- 

- 

- 

39*0 

Lancaster  - 

- 

- 

39-7 

Geneva  ~ 

- 

- 

- 

42-6 

Penzance  - 

- 

-- 

44*7 

Kendal  - 

- 

- 

- 

53*9 

Mean  of  twenty  places  in  the  lower  valleys 

at  the 

base  of 

the 

Alps  - 

- 

- 

58*5 

Great  St.  Bernard  - 

- 

- 

- 

63-1 

Vera  Cruz  - 

- 

- 

63-8 

Keswick  - 

- 

- 

- 

67*5 

Calcutta  - 

- 

- 

81-0 

Bombay  - 

- 

- 

- 

82*0 

Ceylon  - 

- 

- 

84-3 

Adam’s  Peak,  ditto 

- 

- 

- 

100* 

Coast  of  Malabar  - 

- 

123*5 

Leogane,  St.  Domingo 

- 

- 

- 

150*1| 

*  Dalton.  { Daniell.  {  Howard.  §  Adie. 

||  From  the  Encyclopsedia  Metropolitana.  Article  Meteorology,  p.  123. 
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In  this  table,  the  names  of  the  places  to  which  it  refers 
are  arranged  progressively,  according  to  the  amount  of 
rain  that  falls  in  each  place ;  and  though  the  progression 
exhibits  great  irregularities,  yet  the  table  fully  establishes 
the  general  decrease  of  rain  with  the  increase  of  distance 
from  the  equator. 

Sir  John  Leslie  has  shown,  that  if  all  the  aqueous 
vapour  which  can  at  any  time  be  held  in  solution  by  the 
whole  atmosphere,  were  at  once  precipitated  on  the  earth 
in  the  form  of  rain,  it  would  not  be  more  than  about  five 
inches  in  depth :  now,  as  in  the  course  of  a  year,  many 
times  this  quantity  of  rain  falls  from  the  atmosphere,  its 
replenishment,  of  course,  must  depend  on  evaporation  ; 
of  which  evaporation  we  may  thus  infer  the  general 
amount.  With  regard  to  the  quantity  of  rain  which 
descends  annually  on  the  entire  surface  of  the  earth,  we 
want  the  means  of  forming  an  estimate  ;  though  there  is  no 
proof  that  this  quantity  is  subject  to  any  material  differ¬ 
ence.  The  distribution,  indeed,  as  we  have  seen,  diminishes 
with  tbe  increase  of  latitude,  and  varies  according  to 
numerous  local  peculiarities ;  some  of  which  have  been 
pointed  out  in  the  preceding  paragraphs.  Often  also,  no 
doubt  for  the  wisest  purposes,  the  same  place  is  liable  to 
great  fluctuations  in  the  annual  amount  of  rain,  or  at 
least,  in  tbe  times  of  its  precipitation.  Yet  all  these 
variations  oscillate  within  certain  limits,  and  scarcely 
affect  the  mean  quantity  proper  to  the  place  ;  thus  show¬ 
ing,  that  the  distribution  of  rain  obeys  the  same  laws 
which  regulate  the  more  fixed  operations  of  nature. 

Of  the  whole  water  condensed  upon  the  surface  of 
the  earth,  a  certain  portion,  of  course,  enters  into  the  soil. 
The  depth  to  which  such  water  sinks,  is  determined  by 
the  declivity  of  the  surface,  by  the  nature  of  the  inferior 
strata,  and  by  other  circumstances  ;  but,  usually,  after  a 
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greater  or  less  period,  and  range  of  circulation,  the  water 
again  makes  its  appearance  in  open  day,  in  the  form 
of  Springs .  The  conjunction  of  springs  and  the  occasional 
addition  of  a  portion  of  rain  water,  which  is  neither 
immediately  absorbed  by  the  soil,  nor  evaporated,  consti¬ 
tute  brooks  and  rivulets;  these  again  uniting,  in  their 
progress  from  the  higher  and  interior  parts  of  the  coun¬ 
tries  where  this  water  has  been  deposited,  form  the  larger 
rivers ;  which,  after  dispensing  innumerable  benefits  to  the 
inhabitants  of  the  plains  in  their  course,  finally  discharge 
their  superfluous  waters  into  the  ocean.  As  the  origin  of 
the  superfluous  water  which  flows  from  the  rivers  to  the 
ocean,  is  thus,  unquestionably,  derived  from  the  vapour 
condensed  in  the  interior  of  the  countries  where  the 
rivers  originate  ;  it  follows,  that  in  every  country  where 
there  are  rivers,  condensation  must  surpass  evaporation. 
That  is  to  say,  a  large  proportion  of  the  water  condensed 
on  the  land,  must  have  been  evaporated  not  from  the  land, 
but  from  the  neighbouring  ocean. 

The  relative  proportions  of  the  water  condensed  from 
the  atmosphere,  and  of  the  water  evaporated  from  the 
earth  vary  exceedingly  in  different  countries.  Such 
indeed  is  the  amount  and  variety  of  the  differences,  that 
it  is  impossible  to  estimate  them  ;  though  it  is  probable 
that  in  the  same  country,  the  proportions  are  nearly  con¬ 
stant  ;  or,  at  least,  that  there  is  a  mean  proportion,  about 
which  the  differences  oscillate  within  trifling  limits.  In 
this  country,  Dr.  Thomson  has  estimated,  that  taking  the 
whole  of  Great  Britain  together,  the  mean  fall  of  rain 
amounts,  in  the  course  of  a  year,  to  36  inches,  the  dew 
being  included,  (which  is  considered  to  amount  to  about 
four  inches) ;  and  that  the  quantity  of  water  evaporated 
is  about  32  inches.  Consequently,  the  excess  of  four 
inches  must  be  supposed  to  go  to  supply  the  springs  and 
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rivers ;  and  as  these  four  inches  are  thus  not  taken  up 
again  by  evaporation  from  the  land,  they  must  be  drawn 
from  the  seas  that  encircle  our  shores.*  These  estimates 
of  the  water  that  is  condensed  and  evaporated  in  Great 
Britain,  can  only  be  viewed  as  rude  approximations ;  and, 
even  admitting  them  to  be  correct,  they  could  scarcely  be 
applied  with  any  advantage,  to  an  inquiry  into  the  actual 
condensation  and  evaporation  in  other  countries  or  cli¬ 
mates  ;  which  in  all  instances,  must  be  determined  by 
observation  and  experiment. 

Before  we  quit  this  subject,  perhaps  it  may  not  be 
amiss  to  endeavour  to  convey  to  the  general  reader, 
some  still  more  definite  notion  of  the  enormous  quantity 
of  water  which  falls  from  the  atmosphere  to  the  earth. 
Let  us  suppose  an  area  of  nine  square  miles,  which  is  con¬ 
siderably  less  than  the  area  occupied  by  London;  and 
that  in  the  course  of  the  year,  all  the  rain  which  falls  in 
this  area,  if  it  stagnated  and  no  evaporation  took  place, 
would  cover  the  earth  to  the  depth  of  two  feet ;  which 
is  about  the  quantity,  as  we  have  seen,  that  annually  falls 
in  London.  According  to  these  suppositions,  there  must 
fall  in  London  no  less  than  59,584,084  hogsheads  of 
water  in  the  course  of  the  year;  or  163,244  hogsheads 
daily ;  the  whole  of  which  must  have  been  dissolved  in 
the  atmosphere,  or  suspended  in  the  form  of  clouds,  over 
the  limited  space  of  nine  square  miles. 

Fourthly,  Of  the  Distribution  of  Heat  and  Light  in 
their  latent  and  decomposed  Forms  through  the  Vapour  of 

*  On  heat  and  electricity,  p.  266.  It  is  proper  to  observe,  that  this 
estimate  differs  considerably  from  a  previous  estimate  of  Dr.  Dalton, 
who  fixes  the  proportion  of  water  flowing  off  by  the  rivers,  in  Eng¬ 
land  and  Wales,  at  thirteen  inches.  It  is  probable  that  the  truth  lies 
somewhere  between  the  two  estimates. 
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the  Atmosphere  ;  and  of  the  Effects  of  that  Distribution. 
— The  general  distribution  of  heat  and  light  in  their 
latent  form  through  the  vapour  of  the  atmosphere,  seems 
to  follow  the  same  laws  as  the  distribution  of  sensible 
heat  formerly  explained.  That  is  to  say,  the  distribution 
of  these  forms  of  heat  and  light  decreases  from  the 
Equator  toward  the  Poles.  The  most  remarkable  effects 
of  the  distribution  of  latent  heat  have  already  been  inci¬ 
dentally  mentioned,  and  need  not  be  here  repeated.  We 
shall  therefore  proceed  to  consider  the  particular  distribu¬ 
tion  of  electricity,  alid  of  the  decomposed  forms  of  light, 
in  the  vapour  of  the  atmosphere;  and  the  effects  of  this 
distribution. 

Of  the  Relations  of  Electricity  to  the  Vapour  of  the  At¬ 
mosphere. — Atmospheric  air,  when  perfectly  dry  and  pure, 
is  one  of  the  most  complete  non-conductors  of  electricity 
that  are  known.  Whether  water  in  the  state  of  vapour 
possesses  similar  non-conducting  properties  does  not  ap¬ 
pear  to  be  satisfactorily  established.  But  the  non-conduct¬ 
ing  powers  of  aqueous  vapour  must  be  very  considerable ; 
otherwise,  since  the  atmosphere  is  never  entirely  free  from 
vapour,  electrical  insulation  could  not  take  place.  On  the 
other  hand,  when  vapour  assumes  the  form  of  water,  the 
water  instantaneously  becomes  a  conductor  of  electricity. 
Hence  a  mass  of  visible  vapour  or  cloud,  when  floating  in 
a  mixed  atmosphere  of  air  and  vapour,  is  jierfectly  insu¬ 
lated,  and  becomes  capable  of  electrical  accumulation. 
Now  the  phenomena  arising  from  the  equalization  of  such 
derangements  of  electrical  distribution,  are  lightning  and 
thunder.  Lightning  and  thunder  therefore  are  nothing, 
either  more  or  less,  than  the  phenomena  of  electricity  on 
a  large  scale;  that  is  to  say,  a  cloud  and  the  earth,  or  two 
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clouds,  become  surcharged  with  two  opposite  forms  of 
electricity,  and  thus  represent  the  interior  and  the  exte¬ 
rior  coatings  of  an  electrical  jar  similarly  surcharged  : 
the  intervening  and  non-conducting  air  is  represented 
by  the  interposed  and  non-conducting  glass ;  while  the 
lightning  and  the  thunder  are  the  spark  and  the  explosion 
caused  by  the  union  of  the  two  electricities.  If  the  reader 
bear  in  mind  this  analogy,  it  will  enable  him  to  under¬ 
stand  the  whole  electrical  phenomena  of  the  atmosphere. 

The  distribution  of  electricity,  like  the  distribution  of 
heat  and  light,  decreases  from  the  Equator  toward  the 
Poles.  Thus,  in  intertropical  countries  alone,  are  the 
effects  of  this  energetic  agent  displayed  in  all  their  power; 
there,  thunder  storms  are  quite  terrific,  and  far  surpass 
any  thing  of  which  those,  who  have  not  witnessed  them, 
can  form  a  conception.  In  temperate  climates  the  effects 
of  atmospheric  electricity  are  usually  most  severe  in  the 
summer;  and  their  severity  is  greater  in  mountainous 
districts  than  in  plains.  Yet,  even  under  these  circum¬ 
stances,  they  are  much  subdued,  as  compared  with  what 
takes  place  between  the  Tropics ;  while  in  the  Polar  re¬ 
gions  electrical  phenomena  are  still  less  striking. 

Notwithstanding,  however,  that  the  general  distribu¬ 
tion  of  electricity  in  the  atmosphere,  evidently  follows  the 
general  distribution  of  sensible  heat,  it  is  a  remarkable 
fact,  that  whenever  electrical  phenomena  are  more  than 
ordinarily  vehement,  they  are  accompanied  by  some  un¬ 
usual  appearance  of  cold.  Thus  the  alarming  descents  of 
hail  formerly  noticed,  which  occur  most  generally  in  tem¬ 
perate  climates,  have,  in  nearly  every  instance,  been 
attendants  of  violent  thunder  storms.  Snow  too  is  almost 
always  highly  electric.  These,  and  many  other  circum¬ 
stances  connected  with  the  great  and  sudden  production 
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of  cold  in  the  higher  regions  of  the  atmosphere,  during 
the  display  of  electrical  agency,  cannot,  in  the  present 
state  of  our  knowledge,  be  explained.  For  example, 
whence,  in  the  middle  of  summer,  arises  that  instan¬ 
taneous  developement  of  extreme  cold,  which  occasionally 
produces  the  terrific  hailstorms  above  alluded  to?  At 
present  the  answer  does  not  appear.  Whether  the  prin¬ 
ciples  advanced  in  the  present  volume  be  capable  of  solv¬ 
ing  the  difficulty,  time  must  determine. 

With  respect  to  the  sources  of  the  electricity  of  the 
atmosphere  there  have  been  many  opinions.  It  was 
formerly  maintained,  that  electrical  excitement  does  not 
arise  from  the  mere  evaporation  and  condensation  of 
water;  but  that  in  order  to  produce  such  excitement, 

there  must  always  be  some  chemical  combination  or 

•• 

separation.*  This  opinion,  however,  has  been  recently 
questioned ;  though  it  is  admitted  that  electrical  excite¬ 
ment  is  very  frequently  the  result  of  the  chemical  changes 
which  often  accompany  the  evaporation,  alone,  of  water. 
During  combustion  also,  there  is  an  ample  evolution  of 
electricity ;  the  burning  body  giving  out  negative,  the 
oxygen  positive  electricity.  In  like  manner,  the  car¬ 
bonic  acid  sent  forth  during  vegetation  is  charged  with 
negative  electricity  ;  and  at  the  same  time  the  oxygen,  as  is 
most  likely,  is  charged  with  positive  electricity.  Deriva¬ 
tion  from  these  sources  has  been  deemed  quite  sufficient 
to  explain  the  very  large  quantities  of  electricity,  which 
are  so  often  accumulated  in  the  clouds.  It  is  however 
probable  that  there  are  yet  other  causes,  or  at  least  one 
other  cause,  on  which,  in  numerous  instances,  this  ac¬ 
cumulation  may  still  more  immediately  depend.  We 


*  Pouillet,  Elemens  de  Physique  experimentale,  et  de  Met6orologie. 
Tom.  ii.  p.  823. 
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allude  to  a  supposed  combination  of  oxygen  with  the  va¬ 
pour  of  the  atmosphere.  For  reasons  which  we  cannot 
here  detail,  our  opinion  is,  that  these  supposed  combina¬ 
tions  of  aqueous  vapour  with  oxygen,  more  than  any 
other  cause  whatever,  are  in  some  way  concerned  with 
the  phenomena  of  atmospheric  electricity.  See  Appen¬ 
dix. 

The  Aurora  borealis  is  a  phenomenon  also  supposed  to 
have  some  connexion  with  electricity;  though  its  precise 
nature  is  involved  in  considerable  obscurity.  The  pheno¬ 
mena  evidently  indicate  currents  of  some  kind ;  and  if 
the  light  be  electrical,  we  can  only  suppose  such  electrical 
currents  to  take  place  in  an  imperfectly  conducting 
medium.  That  is  to  say;  if  the  phenomena,  as  some 
contend,  exist  in  the  lower  regions  of  the  atmosphere ; 
luminous  electrical  currents  can  be  produced  only  by 
water  in  the  liquid  state  :  if  the  phenomena  exist  in  the 
higher  regions  of  the  atmosphere,  as  at  present  is  sup¬ 
posed  ;  such  currents  may  depend  on  the  extreme  tenuity 
of  the  atmosphere  in  these  higher  regions.  Our  own 
opinion  is,  that  at  different  times,  the  aurora  borealis 
exists  at  different  heights  in  the  atmosphere,  and  conse¬ 
quently  may  depend  on  both  these  causes. 

The  phenomena  arising  from  the  decomposition ,  refrac¬ 
tion ,  and  reflection  of  light  by  the  vapour  of  the  atmo¬ 
sphere  are  not  less  striking  and  important,  than  the 
phenomena  produced  by  electricity.  To  such  effects  on 
light  by  the  atmospheric  vapour,  we  owe  not  only  the 
cerulean  tint  of  the  sky,  and  all  the  splendid  colouring 
of  the  clouds ;  but  the  beneficial  morning  and  evening 
twilight;  nay  even  the  light  of  day  itself.  “  Were  it 
not,”  says  Sir.  J.  Herscliel,  “  for  the  reflecting  and  scat¬ 
tering  power  of  the  atmosphere,  no  objects  would  be 
visible  to  us  out  of  direct  sunshine,  every  shadow  of  a 
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passing  cloud  would  be  pitchy  darkness ;  the  stars  would 
be  visible  all  day,  and  every  apartment  into  which  the 
sun  had  not  direct  admission  would  be  involved  in  noc¬ 
turnal  obscurity.”  Again,  to  use  the  words  of  the  same 
author,  in  speaking  of  twilight, — “  After  the  sun  and 
moon  are  set,  the  influence  of  the  atmosphere  still  con¬ 
tinues  to  send  us  a  portion  of  their  light ;  not  indeed  by 
direct  transmission,  but  by  reflection  upon  the  vapours 
i  and  minute  solid  particles  which  float  in  it,  and  perhaps 
the  actual  material  atoms  of  the  air  itself.’  *  Such  are 
the  beautiful  phenomena,  and  the  important  results,  of 
the  action  of  the  vapour  of  the  atmosphere  on  light.  It 
remains  to  direct  attention  to  a  few  others,  of  a  similar 
i  character,  and  produced  by  the  same  causes;  but  of  less 
frequent  occurrence,  or  of  less  consequence  in  the  eco- 
:  nomy  of  nature. 

The  first  of  these  minor  phenomena  which  we  shall  no¬ 
tice  is  the  Mirage ;  a  phenomenon  depending  partly  on  the 
vapour  of  the  atmosphere,  and  partly  on  the  intermixture 
i  of  strata  of  air  of  different  temperatures  and  densities. 
The  mirage  is  not  unfrequent  in  level  countries,  when 
their  surface  is  strongly  heated  by  the  sun’s  rays,  and 
evaporation  results  from  the  continuance  of  the  heat. 
The  mirage  assumes  the  appearance  of  a  sheet  of  water, 
often  exhibiting  the  reflected  or  inverted  images  of 
distant  objects.  In  Egypt  and  in  the  neighbouring  sandy 
plains,  where  the  mirage  is  very  common,  the  illusion  is 
at  times  so  perfect,  that  travellers  can  hardly  be  convinced 
of  the  non-existence  of  what  they  imagine  they  see.f  The 
phenomena  are  quite  explicable  on  well  known  optical 
principles  .i 

*  Treatise  on  Astronomy,  p.  33. 

f  See  Clarke’s  Travels. 

t  See  Wollaston,  Philosophical  Transactions,  1800,  p.  239. 
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Nearly  allied  to  the  mirage,  is  the  appearance  termed 
Fata  Morgana ,  which  is  occasionally  witnessed  in  the 
Straits  of  Messina.  There  are  many  similar  phenomena, 
all  of  them  owing  to  the  refraction  of  light  by  media  of 
various  densities. 

The  next  class  of  similar  phenomena,  are  the  effects 
produced  on  light  by  crystals  of  ice  floating  in  the  at¬ 
mosphere  ;  or  by  visible  vapour.  The  angular  forms 
of  the  crystals  of  ice,  by  determining  the  rays  of  light 
in  different  directions,  give  origin  to  various  eccentric 
halos ;  which  rays,  by  their  united  intensities,  particularly 
where  they  cross  one  another,  occasionally  produce  con¬ 
spicuous  masses  of  light,  denominated  parhelia  and  para - 
selenes ,  or  mock  suns  and  mock  moons.  Visible  vapours, 
consisting  of  water  in  the  fluid  state,  likewise  sometimes 
form  halos ;  but  such  halos  (when  more  than  one  exists) 
are  always  concentric,  the  sun  or  moon  being  in  the 
centre.  These  two  phenomena  not  unfrequently  take 
place  at  the  same  time. 

The  last  and  most  frequent  atmospheric  phenomenon 
of  the  general  kind  is  that  produced  by  the  action  of 
fluid  drops  of  water  on  light,  viz.  the  well  known  pheno¬ 
menon  termed  the  Rainbow.  The  concomitants  of  the 
rainbow  are  familiar  to  every  one :  there  must  be  rain 
alono-  with  sunshine.  Under  these  circumstances,  if  the 

o 

spectator  turns  his  back  to  the  sun,  he  sees  the  coloured 
bow  projected  on  the  opposite  cloud,  and  displaying  all 
the  tints  of  the  prismatic  spectrum. 

We  are  informed  in  the  sacred  narrative,  that  this 
beautiful  phenomenon  was  chosen  as  a  symbol  to  mankind 
of  their  exemption  from  future  deluge.  The  sceptic  may 
be  challenged  to  state  what  pledge  could  have  been  more 
felicitous  or  more  satisfactory.  In  order  that  the  rainbow 
may  appear,  the  clouds  must  be  Hence  the 


RAINBOW.  COLOURED  SNOW,  &C.  AEROLITES.  307 

existence  of  the  rainbow  is  absolutely  incompatible  with 
universal  deluge  from  above.  So  long,  therefore,  as  “  He 
cloth  set  his  bow  in  the  clouds so  long  have  we  full 
assurance  that  these  clouds  must  continue  to  shower 
down  good  and  not  evil  upon  the  earth. 

3.  Of  the  Occasional  Presence  of  Foreign  Bodies  in 
the  Atmosphere ;  and  of  their  Effects. — The  foreign  bodies 
which  occasionally  exist  in  the  atmosphere,  may  be  con¬ 
sidered  as  of  two  kinds,  viz.  those  which  are  merely  sus¬ 
pended  in  the  atmosphere  in  a  state  of  mixture ;  and  those 
which  pervade  the  atmosphere  in  a  state  of  solution. 

Both  in  ancient  and  in  modern  times,  and  in  various 
parts  of  the  world,  rain  and  snow  have  been  observed  to 
be  coloured  bv  an  admixture  of  extraneous  matters. 

J 

The  nature  of  these  colouring  matters  has  been  found  to 
be  very  different  in  different  instances.  Some  have 
proved  to  be  of  vegetable  origin,  consisting  of  minute 
lichens  and  other  cryptogamous  plants  brought  from  a  dis¬ 
tance  by  the  agency  of  the  winds,  and  diffused  in  myriads 
through  the  atmosphere.  Such  vegetable  matters  have 
been  sometimes  more  or  less  red :  whence  those  imagined 
showers  of  blood  we  read  of  as  producing  so  much  popular 
excitation.  In  other  instances  the  colour  has  arisen  from 
earthy  and  metallic  matters  in  a  state  of  very  fine 
powder ;  and  in  this  case  their  descent  has  been  usually 
accompanied  by  violent  electrical  phenomena,  similar  to 
the  phenomena  which  almost  always  attend  the  descent 
of  Meteoric  stones  or  Aerolites ;  to  which  perhaps  earthy 
and  metallic  showers  are  nearly  allied. 

Of  the  falling  of  stones  from  the  atmosphere,  there  can 
now  be  no  doubt ;  though  the  origin  and  the  nature  of 
these  stones  hre  very  obscure,  and  indeed  cannot,  in  the 
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present  state  of  our  knowledge,  be  explained.  There 
have  been  various  opinions  on  the  subject.  Some  con¬ 
sidering  aerolites  to  be  the  productions  of  our  own  planet, 
have  viewed  them  as  masses  projected  from  volcanoes  to  a 
great  height  and  distance  in  the  atmosphere  ;  or  as  formed 
by  the  agglutination  of  the  earthy  and  metallic  powders 
from  volcanoes.  Others  ascribing  to  aerolites  quite  a 
different  origin,  have  viewed  them  as  fragments  scattered 
through  space,  which  happening  to  come  within  the 
sphere  of  our  earth’s  attraction,  have  been  determined  to 
its  surface. 

Although  we  are  thus  uncertain  regarding  the  origin  of 
aerolites,  or  their  use  in  the  economy  of  nature  ;  it  now 
seems  by  innumerable  observations  to  be  completely 
established,  that  aerolites,  while  in  the  higher  regions  of 
the  atmosphere,  are  often  in  a  state  of  intense  ignition. 
They  there  assume  the  form  of  brilliant  meteors,  which  as 
they  approach  the  earth,  burst  with  a  loud  explosion,  fol¬ 
lowed  by  a  shower  of  stones.  These  stones  generally 
exhibit  evident  marks  of  fusion  ;  and  many  of  them  have 
been  picked  up  while  still  warm,  so  as  to  leave  no  doubt 
of  their  being  real  aerolites.  It  is  singular  too,  that 
the  composition  of  aerolites  is  in  some  degree  peculiar. 
They  invariably  contain,  either  iron,  or  cobalt,  or 
nickel,  or  all  these  three  metals,  in  union  with  various 
earthy  substances.  Aerolites  have  been  found  of  every 
size,  from  that  of  a  few  grains  to  the  weight  of  several 
hundreds  of  pounds ;  for  of  this  weight  are  some  of 
those  isolated  masses  of  iron  seen  in  different  parts  of  the 
world,  and  which  are  generally  allowed  to  be  of  meteoric 
origin. 

Intermediate,  as  it  were,  between  substances  suspended, 
and  substances  dissolved,  in  the  atmosphere,  are  those 
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matters,  whatever  their  nature  may  be,  which  have  been 
known  to  spread  as  a  haze  over  large  districts,  and  have 
been  termed  44  Dry  Fogs  .” 

In  the  year  1782,  and  still  more  in  the  year  following, 
a  remarkable  haze  of  this  kind  extended  over  the  whole 
of  Europe.  Seen  in  mass  this  haze  was  of  a  pale  blue. 
It  was  thickest  at  noon,  when  the  sun  appeared  through 
it  of  a  red  colour.  Rain  did  not  in  the  least  degree 
affect  it.  This  haze  is  said  to  have  possessed  drying 
properties,  and  to  have  occasionally  yielded  a  strong  and 
peculiar  odour.  It  is  also  said  to  have  deposited  in  some 
places  a  viscid  liquid,  of  an  acrid  taste,  and  of  an  un¬ 
pleasant  smell.  About  the  same  time,  there  were,  in 
Calabria  and  in  Iceland,  terrible  earthquakes,  accom¬ 
panied  by  volcanic  eruptions.  These  earthquakes  and 
eruptions  were  supposed  to  have  been  connected  with 
the  haze.  Indeed  it  has  been  generally  remarked, 
that  such  a  condition  of  the  atmosphere  has  been  usually 
preceded  by  an  earthquake,  either  in  the  same  or  in 
some  adjoining  country.  The  dispersion  of  this  haze  in 
the  summer  of  1783  was  attended  by  severe  thunder 
storms.  As  might  be  expected,  the  general  state  of 
health  has,  for  the  most  part,  been  deranged  during  the 
continuance  of  these  phenomena.  Simultaneously  there 
have  been  epidemic  diseases  of  various  kinds.  Thus,  in 
the  above  mentioned  years,  1782  and  1783,  an  epidemic 
catarrh,  or  influenza,  prevailed  throughout  Europe ; 
affecting  not  only  mankind  but  likewise  other  animals.* 

The  nature  of  the  matter  thus  diffused  through  the 
atmosphere  is  quite  unknown.  It  may,  at  different  times, 
be  not  less  various  than  the  character  of  the  epidemics 
to  which  it  gives  origin. 


*  See  article  Influenza,  in  the  Encyclopaedia  ol  Practical  Medicine < 
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As  an  example  of  the  extraordinary  effects  which 
foreign  bodies,  when  diffused  through  the  atmosphere, 
are  capable  of  producing,  we  may  mention  the  effects 
produced  by  Selenium,  when,  that  substance  in  com¬ 
bination  with  hydrogen,  is  diffused  as  a  gas  through 
the  air,  even  in  the  most  minute  quantity.  The  effects 
of  this  gaseous  combination  of  selenium  with  hydro¬ 
gen  are  thus  described  by  the  celebrated  chemist,  Ber¬ 
zelius,  its  discoverer.  “  In  the  first  experiment  which 
I  made  on  the  inhalation  of  this  gas,  I  conceive  that  I  let 
up  into  my  nostrils  a  bubble  of  gas,  about  the  size  of  a 
small  pea.  It  deprived  me  so  completely  of  the  sense  of 
smell,  that  I  could  apply  a  bottle  of  concentrated  ammonia 
to  my  nose  without  perceiving  any  odour.  After  five  or 
six  hours,  I  began  to  recover  the  sense  of  smell ;  but  a 
severe  catarrh  remained  for  about  fifteen  days.  On 
another  occasion,  while  preparing  this  gas,  I  became  sen¬ 
sible  of  a  slight  hepatic  odour,  because  the  vessel  was  not 
quite  close  ;  but  the  aperture  was  very  small,  and  when  I 
covered  it  with  a  drop  of  water,  small  bubbles  were  seen  to 
issue,  about  the  size  of  a  pin’s  head.  To  avoid  being  in¬ 
commoded  by  the  gas,  I  put  the  apparatus  under  the 
chimney  of  the  laboratory.  I  felt  at  first  a  sharp  sensa¬ 
tion  in  my  nose;  my  eyes  then  became  red,  and  other 
symptoms  of  catarrh  began  to  appear,  but  only  to  a  trifling 
extent.  In  half  an  hour,  I  was  seized  with  a  dry  and 
painful  cough,  which  continued  for  a  long  time,  and  which 
was  at  last  accompanied  by  an  expectoration,  having  a 
taste  entirely  like  that  of  the  vapour  from  a  boiling 
solution  of  corrosive  sublimate.  These  symptoms  were 
removed  by  the  application  of  a  blister  to  my  chest.  The 
quantity  of  Seleniuretted  Hydrogen  Gas,  which  on  each 
of  these  occasions  entered  into  my  organs  of  respiration, 
was  much  smaller  than  would  have  been  required  of 
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any  other  inorganic  substance  whatever,  to  produce  similar 
effects.”* 

As  we  have  already  stated,  selenium  is  for  the  most  part 
found  in  association  with  mineral  sulfur.  Selenium  is 
also,  like  sulfur,  a  volcanic  product.  Now,  though  we 
can  hardly  imagine  the  possibility  of  the  diffusion  of  sele¬ 
nium  through  the  atmosphere,  in  combination  with  hydro¬ 
gen  ;  selenium  may  be  so  diffused,  in  some  other  form  of 
combination,  which  may  produce  effects  analogous  to  those 
of  seleniuretted  hydrogen.  We  do  not  mean  to  assert 
that  the  diffusion  of  any  such  substance  really  takes  place. 
Our  intention  is  merely  to  show,  that  a  small  quantity  of 
an  active  ingredient,  like  selenium,  is  sufficient  to  con¬ 
taminate  the  atmosphere  over  a  wide  extent  of  country. 
Such  a  substance  being  ejected  from  the  crater  of  a  vol¬ 
cano  during  an  eruption,  or  through  a  crevice  in  the  earth 
during  an  earthquake,  may  thus  produce  an  epidemic 
disease.  Nor  is  it  improbable  that  many  epidemics,  par¬ 
ticularly  those  of  a  catarrhal  kind,  have  so  originated. 

The  matters  occasionally  diffused  through  the  atmo¬ 
sphere,  which  appear  to  be  in  a  state  of  solution ,  are  not 
often  perceptible  by  our  senses  ;  unless  in  some  cases, 
perhaps,  by  the  sense  of  smell. 

As  an  instance  of  the  presence  of  such  bodies  in  the 
atmosphere,  we  may  mention  a  very  remarkable  observa¬ 
tion  which  occurred  to  the  writer  of  this  treatise,  during 
the  prevalence  of  epidemic  cholera.  He  had  for  some 
years  been  occupied  in  investigations  regarding  the  atmo¬ 
sphere  ;  and  for  more  than  six  weeks  previously  to  the 
appearance  of  cholera  in  London,  had  almost  every  day 
been  engaged  in  endeavouring  to  determine,  with  the 
utmost  possible  accuracy,  the  weight  of  a  given  quantity 


*  Annals  of  Philosophy,  Old  Series,  vol.  xiv.  p.  101. 
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of  air,  under  precisely  the  same  circumstances  of  tempera¬ 
ture  and  of  pressure.  On  a  particular  day,  the  9th  of 
February,  1832,  the  weight  of  the  air  suddenly  appeared 
to  rise  above  the  usual  standard.  As  the  rise  was  at  the 
time  supposed  to  be  the  result  of  some  accidental  error, 
or  of  some  derangement  in  the  apparatus  employed  ;  in 
order  to  discover  its  cause,  the  succeeding  observations 
were  made  with  the  most  rigid  scrutiny :  but  no  error  or 
derangement  whatever  could  be  detected.  On  the  days 
immediately  following,  the  weight  of  the  air  still  continued 
above  the  standard ;  though  not  quite  so  high  as  on  the 
9th  of  February,  when  the  change  was  first  noticed.  The 
air  retained  its  augmented  weight  during  the  whole  time 
these  experiments  were  carried  on,  namely,  about  six 
weeks  longer.  The  increase  of  the  weight  of  the  air  ob¬ 
served  in  these  experiments  was  small ;  but  still  decided, 
and  real.  The  method  of  conducting  the  experiments  was 
such  as  not  to  allow  of  an  error,  at  least  to  an  amount  so 
great  as  the  additional  weight,  without  the  cause  of  that 
error  having  become  apparent.  There  seems,  therefore, 
to  be  only  one  mode  of  rationally  explaining  this  increased 
weight  of  the  air  at  London  in  February,  1832 ;  which  is, 
by  admitting  the  diffusion  of  some  gaseous  body  through 
the  lower  regions  of  the  atmosphere  of  this  city,  consider¬ 
ably  heavier  than  the  air  through  which  that  gaseous  body 
was  diffused.  About  the  9th  of  February,  the  wind, 
which  had  previously  been  west,  veered  round  to  the 
east,  and  remained  chiefly  in  that  quarter  till  the  end  of 
the  month.  Now,  precisely  on  the  change  of  the  wind, 
the  first  cases  of  epidemic  cholera  were  reported  in  London; 
and  from  that  time  the  disease  continued  to  spread.  That 
the  epidemic  cholera  was  everywhere  the  effect  of  a  peculiar 
condition  of  the  atmosphere,  is  more  perhaps  than  can  be 
safely  maintained  ;  but  reasons,  which  have  been  advanced 
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elsewhere,  lead  the  writer  of  this  treatise  to  believe,  that 
the  disease,  termed  cholera,  was  in  London  owing  to  the 
same  matter  which  produced  the  additional  weight  of 
the  air.  The  statement  of  these  reasons  here  would  be 
quite  out  of  place  :  it  is  enough  to  say,  that  they  are 
principally  founded  on  remarkable  changes  in  certain 
secretions  of  the  human  body,  which,  during  the  preva¬ 
lence  of  the  epidemic,  were  observed  to  be  almost  univer¬ 
sal  ;  and  that  analogous  changes  have  been  observed 
in  the  same  secretions  of  those,  who  have  been  much  ex¬ 
posed  to  what  has  been  termed  Malaria.  The  foreign 
body,  therefore,  diffused  through  the  atmosphere  of  Lon¬ 
don,  in  February,  1832,  was  probably  a  variety  of  malaria ; 
a  subject  on  which  we  shall  be  very  brief. 

In  districts  partially  covered  with  water,  and  having  a 
luxuriant  vegetation,  such  as  marshes  and  fens,  particularly 
in  warm  countries ;  or  in  colder  countries,  at  seasons  of 
the  year  when  the  sun  is  most  powerful ;  noxious  exha¬ 
lations  arise,  whose  nature  differs  perhaps  in  some  degree 
according  to  the  locality.  Such  exhalations  have  received 
the  general  name  of  Malaria ,  and  are  well  known  to  be 
the  fertile  source  of  various  diseases,  more  or  less,  of 
the  intermittent  febrile  type.  In  cold  and  in  temperate 
climates,  these  diseases  for  the  most  part  assume  the  cha¬ 
racter  of  regular  ague,  or  of  rheumatism  :  but  on  approach¬ 
ing  to,  and  within  the  Tropics,  malarious  diseases  appear 
as  the  more  formidable  remittent  and  continued  fevers, 
the  well-known  scourges  of  hot  climates. 

With  respect  to  the  nature  of  the  exhalations  de¬ 
nominated  Malaria ,  our  knowledge  is  very  imperfect. 
Evidently,  they  are  in  some  way  connected  with  vege¬ 
tation  ;  not  however  with  vegetation  living  and  in  a 
state  of  growth,  but  with  vegetation  in  a  state  of  decay. 
It  has  therefore  been  thought  likely,  that  these  exhala¬ 
tions  contain  some  gaseous  body,  composed  chiefly  of 
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hydrogen  and  carbon.  Their  effect  may  arise  from  a 
gaseous  compound  of  this  description ;  though  no  such 
compound  is  at  present  known :  and  the  probability  is, 
that  malaria  occasionally  owes  its  properties  to  other  ele¬ 
ments,  besides  the  hydrogen  and  carbon  disengaged  from 
decaying  vegetables. 

We  have  thus  endeavoured  to  give  a  concise  statement 
of  that  wonderful  assemblage  of  Laws,  of  Adaptations,  and 
of  Arrangements,  which  viewed  together  constitute  what 
we  term  Climate ;  and  which,  as  affecting  the  welfare  of 
the  denizens  of  this  globe,  undoubtedly,  are  not  surpassed 
in  interest  or  importance  by  any  other  arrangements 
throughout  the  whole  of  nature.  Of  the  innumerable 
suns  and  planets  which  may  occupy  the  boundless  expanse 
of  the  universe,  we  feel  not  the  influence ;  even  their 
existence  scarcely  obtrudes  itself  on  our  notice.  But  the 
light  and  the  heat  of  our  own  sun,  and  the  wind  and 
the  rain  of  our  own  atmosphere,  are  alike  the  intimate  con¬ 
cern  of  every  organized  being  on  this  earth,  from  Mao, 
the  Lord  of  its  creation,  down  to  the  humblest  plant  that 
drinks  the  dew.  The  subject  of  Meteorology,  therefore, 
in  all  ages  and  countries,  has  attracted  the  especial  at¬ 
tention  of  mankind.  In  ruder  states  of  society,  empiri¬ 
cal  prognostics,  founded  on  the  aspects  of  the  clouds,  on 
the  movements  of  animals,  and  on  other  incidental  occur¬ 
rences,  formed  the  study  of  those  who  pretended  to  a 
fore-knowledge  of  the  weather;  while  electrical  pheno¬ 
mena  were  objects  of  superstitious  awe.  In  modern  times 
much  of  this  wonder  and  uncertainty  has  been  removed. 
The  gloom  or  the  clearness  of  the  air;  the  mists  and  the 
halos  of  a  stormy  sky ;  the  restlessness  and  clamour  of 
animals  ;  are  now  referred  simply  to  that  overcharge  of 
moisture,  and  to  that  unequal  distribution  of  electricity, 
which  precede  a  fall  of  rain.  Nay,  the  very  thunder- 
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bolt  has  been  arrested  in  its  course,  and  being  no  longer 
an  object  of  amazement,  has  been  divested  of  half  its 
terrors. 

But  is  this  advance  in  knowledge  calculated  to  lessen 
our  veneration  for  the  great  Author  of  Nature,  or  to  dero¬ 
gate  from  his  wisdom  and  his  power  ?  On  the  contrary, 
our  estimate  of  both  must  be  greatly  increased.  Of  the 
Deity,  infinite  as  he  is,  and  dwelling  in  infinity,  we  finite 
beings  can  form  no  conception.  What  little,  therefore* 
we  do  know  of  Him,  we  know  nearly  altogether  from  his 
works.  Consequently,  whoever  has  most  studied  His 
wrorks,  will  be  the  best  qualified— nay,  will  be  alone  qua¬ 
lified,  to  form  an  adequate  conception  of  Him.  Thus,  to 
measure,  to  weigh,  to  estimate,  to  deduce,  may  be  con¬ 
sidered  as  the  noblest  privileges  enjoyed  by  man ;  for  only 
by  these  operations,  is  he  enabled  to  follow  the  footsteps 
of  his  Maker,  and  to  trace  His  great  designs.  Instructed 
by  these  operations,  he  sees  and  appreciates  the  wisdom 
and  the  power,  the  justice  and  the  benevolence,  that  reign 
throughout  creation  :  he  no  longer  gazes  on  the  sky  with 
stupid  wonder  ;  nor  dreads  the  thunderbolt,  as  manifesting 
the  wrath  of  a  vengeful  Deity. 

The  constituents  of  climate,  even  imperfectly  as  they 
can  be  understood  by  us,  are  seen  to  be  adjusted  and  ar¬ 
ranged  in  a  manner  so  surprising ;  that  to  those  who  admit 
the  existence  of  design,  they  require  only  to  be  stated  and 
apprehended,  in  order  to  their  being  received  as  addi¬ 
tional  proofs  of  that  great  argument.  Where  all  are  great, 
and  splendid,  and  good,  selection  is  precluded :  but  the 
circumstances  accompanying  the  distribution  of  water  over 
this  globe,  more  perhaps  than  any  other,  arrest  our  notice 
as  indicative  of  design.  Leaving  out  of  view  the  other 
properties  of  wrater  ;  on  what  other  supposition,  besides 
that  of  design,  can  we  account  for  all  these  astonishing 
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properties,  on  which  depend  its  evaporation  and  diffusion 
through  the  atmosphere — its  subsequent  condensation,  not 
at  once  in  the  form  of  water  or  of  ice,  but  in  the  interme¬ 
diate  state  of  clouds — its  colour  and  lightness  when  in  the 
state  of  snow — its  power  of  refracting  light  and  of  conduct¬ 
ing  electricity — in  short,  all  the  numerous,  minute,  and 
comprehensive  qualities  displayed  by  this  highly  elaborated 
fluid  ?  These  qualities  together,  form  such  a  union  of 
adaptations  and  arrangements,  each  most  successfully  ac¬ 
complishing  a  particular  purpose,  and  apparently  directed 
to,  and  designed  for,  that  purpose ;  that  to  doubt  the 
agency  of  design  would  seem  impossible.  Yet  some  men’s 
minds  are  so  warped,  that  they  either  cannot,  or  will  not, 
be  persuaded  of  the  existence  of  design ;  but  asserting  the 
omnipotence  of  the  laws  of  nature,  they  forget  Him  who 
framed  these  laws,  and  are  reluctant  to  give  credence  to 
His  being,  or  to  His  power.  To  such  persons,  Meteoro¬ 
logy  offers  one  or  two  exclusive  arguments,  which,  at  the 
risk  of  being  accused  of  tediousness,  and  unnecessary  re¬ 
petition,  we  shall  urge  briefly  in  this  place. 

The  great  Author  of  Nature,  as  we  have  before  said, 
has  chosen  to  act  agreeably  to  certain  established  laws, 
by  which  He  is  invariably  guided.  Some  of  these  laws  we 
are  able  more  or  less  to  comprehend ;  and  we  can  refer 
them  to  more  general  principles.  Others  are  beyond  our 
comprehension :  we  see  only  their  effects  ;  and  even  these 
effects  are  most  imperfectly  revealed  to  us.  As  instances 
of  the  laws  of  nature  which  it  is  in  our  power  to  refer  to 
general  principles,  may  be  mentioned  the  currents  in  the 
ocean  and  in  the  atmosphere,  by  which  the  equilibrium  of 
temperature  over  the  globe  is  maintained.  These  cur¬ 
rents,  we  know,  are  strictly  referable  to  hydrostatic  and 
pneumatic  principles.  The  argument  of  design,  which  is 
deducible  from  these  principles,  rests,  therefore,  not  so 
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much  on  the  principles  themselves,  as  on  their  application 
precisely  where  they  are  requisite.  On  the  other  hand, 
as  we  stated  at  the  commencement  of  this  treatise,  our 
knowledge  of  the  laws  of  chemistry  is  founded  solely 
on  experience ;  so  that  our  acquaintance  with  them  is 
very  defective :  for  in  very  few  instances  are  the  laws  of 
chemistry  referable  to  the  laws  of  quantity ;  and  even 
when  they  can  be  so  referred,  it  is  only  in  a  manner  very 
imperfect.  But  though  we  do  not  comprehend  the  laws 
of  chemistry,  we  see.  that  many  of  them,  perhaps  all,  in  so 
far  as  they  are  intelligible  to  us,  are  entirely  consistent 
with  each  other ;  and  are  as  uniform  in  their  operation  as 
those  laws  which  obviously  depend  on  mechanical  princi¬ 
ples,  or  on  the  great  principle  of  gravity.  Thus  the  laws, 
that  all  bodies  are  expanded  by  heat  and  are  contracted 
by  cold — that  chemical  substances  do  not  mix,  but  always 
combine  in  certain  proportions,  and  in  no  others, — are 
general  laws,  to  which  there  are  so  few  exceptions,  that 
in  the  operations  of  nature,  and  in  the  common  intercourse 
of  mankind,  they  are  calculated  on  as  invariable  and 
necessary  results,  with  not  less  confidence  than  that  a 
heavy  body  will  fall  to  the  earth,  or  that  two  and  two 
make  four.  We  have  selected  these  two  laws  of  chemis¬ 
try,  partly  from  their  general  and  indisputable  character, 
and  partly  that  the  force  of  the  argument  which  follows 
may  be  more  conspicuous. 

All  bodies  are  expanded  by  heat  and  are  contracted  by 
cold.  If  water  had  not  constituted  an  exception  to  this 
law,  though  all  its  other  properties  had  been  the  same  as 
they  now  are,  long  before  this  time,  as  we  have  seen,  half 
the  water  on  the  globe  would  have  been  converted  into 
ice  ;  and  the  existence  of  organized  beings  would  have 
been  physically  impossible. 


318 


METEOROLOGY. 


All  chemical  substances  combine  in  certain  proportions, 
and  in  no  other.  If  air  had  been  formed  according  to  this 
law,  every  thing  else  being  the  same  as  at  present,  long 
before  this  time,  half  of  the  air  in  the  atmosphere  would 
have  been  contaminated,  and  rendered  unfit  for  the  sup¬ 
port  of  animal  life.  In  order,  therefore,  that  water  might 
not  be  frozen ;  and  that  air  might  not  become  irrespirable ; 
laws  must  be  infringed — and  they  are  infringed  ;  in¬ 
fringed  too,  precisely  where  their  infringement,  both  in  kind 
and  degree,  is  indispensably  necessary  to  organic  existence. 
Now,  we  appeal  to  the  most  inflexible  sceptic  regarding 
the  argument  of  design  and  ask  him,  on  what  other  prin¬ 
ciple,  unless  that  of  express  adaptation  and  design,  can  two 
such  general  laws  have  been  infringed,  exactly  in  those 
instances  in  which  their  infringement  is  wanted,  and  no 
where  else?  Of  the  sophistry  by  which  the  evasion  of 
this  plain  question  may  be  attempted,  we  are  quite  igno¬ 
rant.  But  we  cannot  resist  the  conviction,  that  one  pur¬ 
pose  of  the  arrangement  has  been  to  confound  the  pre¬ 
sumptuous  sceptic  ;  who  is  thus  perpetually  reminded  of 
the  infringement  of  his  boasted  “  laws  of  nature,”  by  the 
very  water  he  drinks,  and  by  the  very  air  he  breathes. 

With  respect  to  the  foreign  bodies  in  the  atmosphere, 
which  have  been  treated  of  in  the  last  section,  it  remains 
to  observe,  that  though  of  very  opposite  characters,  they 
have  yet  this  resemblance ;  that  they  all  apparently  exist 
less  on  their  own  account,  than  as  being  the  inevitable  re¬ 
sults  of  general  laws  established  for  a  higher  purpose. 
Such  results  of  general  laws,  may  be  considered  as  analo¬ 
gous  to  the  coldness  and  darkness,  which  necessarily  pre¬ 
vail  around  the  poles,  from,  the  earth’s  position  in  relation 
to  the  sun  :  and  they  have  been  alike  permitted  ;  not  be¬ 
cause  they  could  not  have  been  avoided  or  removed;  but 
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in  the  language  of  Paley,  before  quoted,  “  because  the 
Deity  has  been  pleased  to  prescribe  limits  to  his  own 
power,  and  to  work  his  ends  within  these  limits.5’ 

Man,  forgetting  how  insignificant  he  is,  and  ho  w  limited 
his  utmost  knowledge,  is  too  apt  to  measure  Omnipotence 
by  the  standard  of  his  own  narrow  intellect ;  and  to  be 
guided  by  his  own  selfish  feelings,  in  judging  of  the  extent 
of  Divine  benevolence.  That  this  earth,  a  minute  fraction, 
as  it  is,  of  a  great  and  wonderful  system,  should  be  amena¬ 
ble  to  the  general  laws  by  which  the  whole  system  is 
governed,  is,  at  the  least,  exceedingly  probable.  Of  such 
general  laws,  of  their  changes,  of  their  aberrations,  or  of 
their  influences,  we,  situated  in  this  extremity  of  the  uni¬ 
verse,  cannot  see  the  object.  What,  therefore,  appears  to 
us  anomalous  or  defective,  may  in  reality  be  parts  of  some 
great  cycle  or  series,  too  vast  to  be  comprehended  by  the 
human  mind,  and  known  only  to  beings  of  a  higher  order, 
or  to  the  Creator  himself.  So  again,  amidst  the  desola¬ 
tion  of  the  hurricane,  or  of  the  thunderstorm  ;  in  the  set¬ 
tled  affliction  of  malaria,  and  in  the  march  of  the  pesti¬ 
lence  ;  the  goodness  of  the  Deity  is  impugned,  his  power 
even,  is  regarded  doubtfully.  But  what,  in  truth,  are  all 
these  visitations  but  so  many  examples  of  the  “unsearch¬ 
able  WTiys”  of  the  Almighty ;  “  He  sits  on  the  whirlwind, 
and  directs  the  storm a  hamlet  is  laid  waste  ;  a  few  in¬ 
dividuals  may  perish  ;  but  the  general  result  is  good  :  and 
pestilence  with  all  its  train  of  evils  disappear.  Nay,  how¬ 
ever  inscrutable  the  object  of  the  deadly  malaria  itself,  do 
we  not  see  one  end  which  it  serves,  namely,  to  stimulate 
the  reasoning  powers,  and  the  industry  of  man  ?  By  his 
reason,  man  has  been  guided  to  an  antidote  beneficently 
adapted  for  his  use,  which  has  stript  malaria  of  half  its 
terrors.  By  his  industry,  the  marsh  has  been  converted 
into  fertile  land,  and  disease  has  given  place  to  salubrity. 
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When,  therefore,  we  duly  consider  all  these  things ; 
when  we  reflect  also  on  the  number,  the  properties,  the 
various  conditions  of  the  matters  composing  our  globe ; 
the  wonder  surely  is,  not  that  a  few  of  these  matters  oc¬ 
casionally  exist  as  foreign  bodies  in  the  atmosphere,  but 
that  others  of  these  matters  are  not  at  all  times  diffused 
through  it,  and  in  such  quantity  as  to  be  incompatible  with 
organic  life.  Thus,  the  original  constitution  of  the  at¬ 
mosphere,  and  the  preservation  of  its  purity  against  all 
these  contaminating  influences,  may  be  viewed  as  the 
strongest  arguments  we  possess,  in  demonstration  of  the 
benevolence,  the  wisdom,  and  the  omnipotence  of  the 
Deity":  benevolence  in  having  willed  such  a  positive  good  ; 
wisdom  in  having  contrived  it ;  and  omnipotence  in  having 
created  it,  and  in  still  upholding  its  existence. 
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OF  THE  ADAPTATION  OF  ORGANIZED  BEINGS  TO  CLIMATE  ; 
COMPREHENDING  A  GENERAL  SKETCH  OF  THE  DISTRI¬ 
BUTION  OF  PLANTS  AND  ANIMALS  OYER  THE  EARTH  ; 
AND  OF  THE  PRESENT  POSITION  AND  FUTURE  PRO¬ 
SPECTS  OF  MAN. 

In  the  general  survey  of  climate,  and  of  its  reference 
to  organization,  given  in  the  preceding  chapter ;  we  have 
seen,  on  the  one  hand,  that,  by  a  series  of  wonderful 
expedients,  the  climate  or  temperature  of  the  greater  por¬ 
tion  of  the  earth’s  surface,  has  been  so  equalized,  as  to  be 
brought  within  the  range  of  organic  existence.  On  the 
other  hand,  we  shall  find,  that  by  a  series  of  expedients, 
not  less  wonderful,  organic  existence  has  been  so  diversi¬ 
fied  and  extended,  as  to  include  all  the  possible  varieties 
of  soil  and  climate.  Hence,  the  arrangement  taken 
altogether,  presents  us  with  such  extraordinary  instances 
of  mutual  adaptation,  as  to  admit  of  being  explained  only, 
on  the  supposition  that  ail  these  expedients  form  parts  of 
the  same  magnificent  Design ;  while  the  infinite  variety, 
where  there  might  have  been  an  unbroken  sameness,  must 
be  considered  as  equally  indicative  of  the  Benevolence, 
and  the  Power  of  the  Designer. 
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Next  to  Climate,  the  circumstance  in  which  organized 
beings  are  most  immediately  concerned  is  Soil  ;  a  subject 
already  alluded  to,  but  which  it  will  be  necessary  to  illus¬ 
trate  a  little  further  before  we  proceed. 

The  soil  is  that  collection  of  matters,  more  or  less  in  a 
state  of  comminution,  which,  immediately  covering  the 
general  surface  of  the  earth,  fills  up  its  minor  inequalities, 
and  rounds  off  its  asperities.  On  this  layer  of  comminuted 
mineral  substances  and  organic  remains,  all  vegetables  and 
animals,  at  least  all  land  animals,  depend  for  their  sub¬ 
sistence  ;  and,  if  there  ever  was  a  time  when  the  materials 
composing  this  globe  were  collected  into  solid  masses,  it  is 
evident  that  such  a  condition  must  have  precluded  the 
existence  of  the  greater  number  of  the  plants  and  animals, 
by  which  the  earth’s  surface  is  now  occupied. 

The  formation  of  the  soil  has  apparently  been  a  work 
of  time,  and  the  result  of  the  gradual  attrition  of  the 
solid  materials  composing  the  crust  of  this  globe.  Hence 
the  formation  of  the  soil  has  probably  been  always  progres¬ 
sive,  and  is  still  going  on.  Besides  this  gradual  attrition, 
the  harder  materials  of  our  globe  seem  to  have  suffered 
much  disintegration,  during  those  periodic  convulsions 
formerly  mentioned.  By  the  same  convulsions,  also,  the 
different  comminuted  materials  have  evidently  been  mixed 
and  scattered,  and  finally  deposited  over  the  surface  of 
the  whole  earth ;  so  as  to  give  occasion  to  that  infinite 
variety  which  everywhere  prevails. 

The  foregoing  remarks  naturally  lead  to  the  conclusion, 
that  the  character  of  the  soil  will  generally  agree  with 
the  character  of  the  rocks  composing  the  crust  of  the 
earth  ;  and  this  inference  is  correct.  The  more  common 
ingredients  in  rocks  are  silex,  alumina,  lime,  magnesia, 
and  iron;  and  these  mineral  matters  actually  constitute 
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I  the  greater  bulk  of  every  soil.  The  remaining  matters 
i  consist  of  more  or  less  of  various  other  earthy  and  saline 
;  principles,  and  of  vegetable  and  animal  remains. 

After  these  general  observations  on  soils,  we  come  to 
the  proper  subject  of  this  chapter,  which  we  shall  consider 
under  the  three  following  sections  : — Of  the  Distribution 
of  Plants  over  the  earth; — Of  the  Distribution  of  Ani - 
i  mats  over  the  earth  ;  and, — Of  the  present  Condition  and 
t  future  Prospects  of  Man. 


Section  I. 

Of  the  Distribution  of  Plants  over  the  Karth . 

From  what  has  been  premised,  it  will  be  readily  under¬ 
stood  that  Soil  and  Climate  are  the  two  great  and  imme¬ 
diate  causes,  by  which  vegetable  and  animal  existence  are 
likely  to  be  affected.  We  shall,  therefore,  in  the  first 
place,  treat, 

1.  Of  the  Differences  of  Vegetation ,  as  liable  to  be 
influenced  by  Soil,  and  by  other  minor  Local  Circum¬ 
stances ,  in  the  same  Climate. — The  most  incurious 
observer,  in  travelling  through  a  country,  must  be  struck 
with  the  different  vegetation  that  prevails  in  different  parts 
of  the  country;  and  with  the  effects,  this  difference  pro¬ 
duces  on  the  manners  and  on  the  health  of  the  inhabitants. 
Thus,  in  some  parts  of  England,  the  Apple  and  the  Pear 
are  seen  growing  spontaneously  in  every  hedge-row ; 
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while,  in  other  parts,  apple  and  pear  trees  will  not 
flourish,  even  with  the  utmost  care.  Some  situations  are 
favourable  to  the  Oak ,  others  to  the  Beech ,  others  to  the 
Elm.  Accordingly,  these  well-known  and  beautiful  trees 
predominate  in  some  districts,  almost  to  the  exclusion  of 
every  other,  and  thus  become  the  chief  peculiarities  of  their 
scenery. 

These  are  familiar  examples  of  partial  changes  among 
the  larger  vegetables  of  a  country ;  while  the  general 
vegetation  is  supposed  to  remain  nearly  the  same.  Be¬ 
tween  such  partial  change,  and  the  complete  establish¬ 
ment  of  a  peculiar  vegetation,  there  exists  among  different 
localities,  every  possible  shade  of  diversity.  Many  of 
these  differences  in  vegetation  are  obviously  connected 
with  differences  in  soil  and  in  situation.  Thus,  some 
plants  will  thrive  only  on  a  calcareous  soil ;  as  a  few  of 
the  Or  elm  tribe  in  our  own  country,  and  the  Teucrmm 
montanum  in  Switzerland.  Others,  like  the  Salsolas  and 
the  Salicornias,  will  grow  only  in  salt  marshes.  Some 
plants  flourish  in  sea  water ;  some  in  fresh :  while  to 
others  again,  water,  at  least  in  excess,  is  so  prejudicial, 
that  they  can  exist  nowhere,  unless  on  bare  rocks,  or  in 
arid  deserts.  Mountainous  situations  are  most  favourable 
to  the  increase  of  some  plants  ;  while  others  abound  in 
plains.  The  larger  number  of  plants  prefer  sunshine,  but 
some  are  most  vigorous  in  the  shade ;  and  others  are  so 
impatient  of  light,  that  they  are  found  only  where  there 
is  absolute  darkness.  There  are,  besides,  parasitic  plants, 
like  the  Mistletoe ,  whose  nourishment  is  derived  from  the 
plants  to  which  they  are  attached.  In  short,  the  varie¬ 
ties  in  the  nature  of  plants  are  countless,  nor  is  the 
enumeration  of  them  requisite.  The  slightest  survey  is 
more  than  enough  to  show  the  wonderful  arrangements 
which  have  been  made,  to  ensure  the  clothing  of  every 
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part  of  the  earth’s  surface  with  vegetable  organization. 
There  is  not  a  soil,  however  barren,  nor  a  rock,  however 
flinty,  that  has  not  its  appropriate  plant :  which  plant  has 
no  less  wonderfully  found  its  way  to  the  spot  adapted 
for  it,  nay,  will  perish  if  removed  elsewhere.  Saline 
plants,  for  instance,  will  grow  only  where  saline  mat¬ 
ters  are  abundant ;  plants  of  the  marsh,  and  of  the  bog, 
flourish  only  in  marshy  and  boggy  ground :  those  of  the 
parched  desert  and  of  the  cloudy  mountain,  each  in 
its  fitting  locality.  Thus  the  soil  and  its  occupant  seem 
to  have  been  made  for  each  other ;  and  hence  one  source 
of  that  astonishing  variety  exhibited  in  nature. 

There  are  still  more  remarkable  deviations  among  the 
plants  of  different  countries  remote  from  one  another ; 
even  where  the  circumstances  of  climate  and  of  soil  are 
in  every  respect  alike.  The  plants  of  the  Cape  of  Good 
Hope,  for  instance,  differ  exceedingly  from  the  plants  of 
the  south  of  Europe  ;  though  the  climate  and  much  of  the 
soil  be  not  dissimilar.  Often,  on  the  same  continent,  nay, 
on  the  same  ridge  of  mountains,  the  plants  on  the  opposite 
sides  have  no  resemblance.  “  Thus,  in  North  America, 
on  the  east  side  of  the  rocky  mountains,  Azaleas ,  Rho¬ 
dodendrons,  Magnolias ,  V acciniums ,  Actaas,  and  Oaks , 
form  the  principal  features  of  the  landscape ;  while  on  the 
western  side  of  the  dividing  ridge,  these  genera  almost 
entirely  disappear,  and  no  longer  constitute  a  striking  cha¬ 
racteristic  of  the  vegetation.”* 

In  general,  the  plants  of  America  are  different  from  the 
plants  of  the  old  world,  except  toward  the  north;  where, 
as  might  be  expected  from  the  near  approximation  of  the 
two  continents,  many  individuals  are  common  to  both. 
The  plants  of  islands,  and  those  growing  in  isolated  situa- 


*  Lindley’s  Introduction  to  Botany,  page  489. 
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tions,  are  often  quite  peculiar.  The  plants  of  New  Holland, 
for  instance,  with  comparatively  few  exceptions,  differ  from 
the  plants  of  all  the  rest  of  the  world  ;  and,  “  of  sixty-one 
native  species,  in  the  little  island  of  Saint  Helena,  only  two 
or  three  are  to  be  found  in  any  other  part  of  the  globe.”  * 
Such  facts  are  quite  inexplicable  on  any  known  princi¬ 
ples  ;  and  are  calculated  to  excite  a  more  than  ordinary 
degree  of  attention,  as  being  solely  referrable  to  the  will 
of  the  Great  Creator ;  who  has  chosen  to  provide  infinite 
diversity,  where  all  might  have  been  uniform  and  mono¬ 
tonous  ;  and  has  thus  rendered  more  conspicuous  His 
wisdom,  His  power,  and  His  goodness. 

2.  Of  the  Influence  of  Climate  on  Vegetation. — The 
climate  of  a  place,  as  has  been  before  shown,  independently 
of  minor  local  causes,  is  influenced  chiefly  by  the  two  fol¬ 
lowing  circumstances :  the  Latitude  of  the  place  ;  in  other 
words,  the  relative  amount  of  heat  and  light  which  it  re¬ 
ceives  from  the  sun ; — and  its  Height  above  the  surface 
of  the  sea;  by  which  circumstance  of  elevation,  the  heat 
received  from  the  sun,  is  liable  to  be  varied,  at  least  as 
much  as  by  latitude ;  but  the  variation  is  according  to 
other  laws  than  those  which  depend  on  mere  latitude ; 
indeed,  according  to  laws  which  vary  in  different  latitudes. 

Every  one  is  acquainted  with  the  general  fact  of  the 
difference  between  the  plants  of  warm  and  those  of  cold 
countries ;  between  the  plants  that  grow  on  plains,  and 
those  that  grow  on  mountains.  Thus,  “in  the  countries 
lying  near  the  Equator,  the  vegetation  consists  of  dense 
forests  of  leafy  evergreen  trees ,  Palms ,  and  arborescent 
Ferns ,  among  which  are  intermingled  epiphytal  herbs , 

*  See  Principles  of  Geology,  vol.  ii.  by  C.  Lyall,  who  has  treated  this 
interesting  subject  in  detail.  To  Mr.  Lyall  we  are  indebted  for  many 
of  the  following  facts. 
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and  rigid  Grasses,  There  are  no  verdant  meadows,  such 
as  form  the  chief  beauty  of  our  northern  climate  ;  and  the 
lower  orders  of  vegetation,  such  as  Mosses ,  Fungi ,  and 
Confervce  are  very  rare.  As  we  recede  from  the  Equator, 
the  plants  above  mentioned  gradually  give  way  to  trees 
with  deciduous  leaves ;  rich  meadows  appear,  abounding 
with  tender  herbs ;  the  epiphytal  Orchidece  are  no  longer 
met  with,  and  are  replaced  by  terrestrial  fleshy-rooted 
species  ;  Mosses  clothe  the  trunks  of  aged  trees ;  decayed 
vegetables  are  covered  with  parasitical  Fungi ;  and  the 
waters  abound  with  Confervce.  Approaching  the  Poles, 
trees  wholly  disappear ;  dicotyledonous  plants  of  all  kinds 
become  comparatively  rare  ;  and  Grasses  and  cryptogamic 
plants  constitute  the  chief  features  of  the  vegetation.”  # 
Changes  not  very  dissimilar  are  observed  in  the  vegeta¬ 
tion  at  different  heights  on  the  mountains  of  warm  cli- 
mates.  Thus,  at  the  base  of  the  celebrated  Peak  of 
Teneriffe,  the  plants  have  all  the  distinguishing  characters 
of  the  plants  of  Africa.  There  flourish  the  succulent 
Euphorbia ,  the  Mesembryanthema ,  F)raccena ,  &c. :  also 
the  Fate  palm ,  the  Plantain ,  the  Sugar-cane ,  and  the 
Indian -fig.  A  little  higher,  grow  the  Olive  tree ,  the  fruit 
trees  of  Europe,  the  Vine,  and  Wheat.  Then  succeeds 
the  woody  region  of  the  mountain;  where  from  the 
numerous  springs  the  ground  is  always  verdant.  In  that 
region  is  seen  a  profusion  of  beautiful  evergreens ;  such  as 
various  species  of  Laurel,  one  of  Oak,  two  species  of  Iron 
tree,  an  Arbutus,  and  several  others.  Next  above,  is  the 
region  of  pines ;  characterized  by  a  vast  forest  of  trees 
resembling  the  Scottish  fir,  intermixed  with  Juniper. 
Then  follows  a  tract  remarkable  for  the  abundance  of 
a  species  of  Broom.  At  last  the  scenery  is  terminated 


*  Lindley’s  Introduction  to  Botany,  page  48-1. 
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by  Scrofularia,  Viola ,  a  few  Grasses ,  and  cryptogamic 
plants.* 

The  proportions  which  different  groups  of  plants  bear 
to  each  other,  vary  exceedingly  in  different  latitudes. 
An  interesting  table  given  in  the  Appendix,  slightly  al¬ 
tered  from  Humboldt,  exhibits  the  proportional  amount  of 
some  natural  groups  of  plants  to  the  whole  mass  of  vegeta¬ 
tion,  in  the  successive  zones  ;  and  will  enable  the  reader  to 
understand  the  relation  of  vegetable  forms,  to  the  greater 
or  less  distance  of  their  place  of  growth  from  the  Equator. 
The  arrangement  is  so  obvious  as  scarcely  to  require  expla¬ 
nation.  Thus  in  the  equatorial  zone,  between  10°  north 
and  10°  south  latitude,  the  first  group,  including  Ferns , 
Lichens ,  Mosses ,  and  Fungi ,  constitutes  on  the  plains  only 
l-15th  ;  but  on  the  mountains  l-5th,  of  the  whole  number 
of  plants  growing  in  that  zone.  While  in  the  temperate 
zone,  the  proportion  of  the  first  group  of  plants  is  at  least 
one-half  of  the  whole  number;  and  in  the  frigid  zone,  the 
entire  vegetation  consists  of  plants  of  that  group.  The 
distribution  of  the  other  groups  is  equally  remarkable. 

From  this  table  we  learn  many  interesting  particulars, 
in  addition  to  what  has  been  already  stated  regarding  the 
distribution  of  plants  over  the  surface  of  the  globe.  We 
may  notice  especially,  the  striking  difference  between  the 
Flora  of  the  Old,  and  the  Flora  of  the  New  world,  in 
corresponding  parallels  of  latitude.  These  differences,  in 
a  great  many  instances,  are  undoubtedly  referable  to 
certain  peculiarities  in  the  climate  and  in  the  soil.  But 
in  other  instances,  they  are  obviously  connected  with  the 
difference  of  temperature  prevailing  in  the  two  continents 
under  the  same  parallel.  Before  we  proceed,  let  us  dwell 
a  little  longer  on  the  consideration  of  these  beautiful  ar¬ 
rangements. 


*  Humboldt. 
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In  Tropical  countries  alone,  beneath  a  vertical  sun,  do 
we  see  vegetation  in  all  its  glory  and  magnitude.  There, 
the  form,  the  colour,  and  the  odour  of  plants,  are  deve¬ 
loped  to  the  utmost ;  and  where  else  could  they  be  so 
develojied  ?  where  else  could  the  majestic  palm  rear  its 
towering  stem,  and  send  forth  its  gigantic  leaves  ?  where 
else  could  we  expect  to  find  groves,  ever  verdant,  bloom¬ 
ing,  and  productive  ?  Amidst  eternal  summer,  all  this 
exuberance  is  in  character :  forests  denuded  of  their  leaves, 
and  for  half  the  year  assuming  the  appearance  of  death, 
would  in  such  a  climate  be  perfectly  incongruous.  But 
in  countries  remote  from  the  Equator,  and  in  which, 
during  many  months,  the  temperature  is  more  or  less  de¬ 
pressed,  a  vegetation  thus  incessantly  active  could  not 
exist,  nor  would  it  be  appropriate.  Accordingly,  the  palm 
tribe,  and  many  of  the  more  distinguishing  productions  of 
the  Tropics  become  gradually  fewer  in  number  as  we  re¬ 
cede  from  the  Equator,  and  at  last  give  way  entirely  to 
deciduous  plants  ;  that  is,  to  plants  endued  with  the  power 
of  hybernating ,  or  sleeping,  as  it  were,  in  the  colder  season ; 
and  vegetating  only  during  the  warmer  portion  of  the 
year.  And  here  we  have  displayed  another  of  those  ad¬ 
mirable  provisions,  which  at  once  strike  us  irresistibly  as 
being  the  effect  of  design  !  In  Tropical  countries,  where 
the  seasons  are  uniform,  and  where  there  is  no  cold  to  in¬ 
jure,  the  leaf  buds  of  plants  are  without  covering  or  pro¬ 
tection,  and  are  freely  and  confidently  exposed  to  the 
atmosphere.  But  in  climates  where  the  seasons  change, 
and  where  vegetation  is  liable  to  be  suspended  by  the 
cold,  the  leaf  buds  exhibit  a  structure  remarkably  dif¬ 
ferent.  Developed  in  the  latter  end  of  summer,  or  au¬ 
tumn,  they  are  almost  invariably  provided  with  tegmenta , 
or  coverings  ;  within  which,  during  their  period  of  torpor, 
they  are  cradled,  safe  from  cold,  and  from  accident. 
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As  we  advance  still  further  to  the  north  or  to  the  south, 
where  the  winter  becomes  more  severe  and  of  longer  con¬ 
tinuance,  deciduous  plants  in  their  turn  diminish  both  in 
number  and  in  magnitude  ;  and  after  having  shown  them¬ 
selves  under  a  variety  of  stunted  forms,  are  at  length 
almost  entirely  superseded  by  a  few  coarse  grasses  and 
lichens.  Yet  even  here  design  is  apparent.  These  hardy 
natives  of  the  poles  are,  from  the  simplicity  of  their  struc¬ 
ture,  wonderfully  adapted  to  the  climate  of  the  region 
they  occupy;  in  which  alone  they  will  flourish,  and  for 
which  alone,  therefore,  they  have  been  expressly  created. 

Though  it  be  generally  true  that  plants  will  grow  only 
in  the  soil  and  climate  adapted  for  them  ;  yet,  as  if  inten¬ 
tionally  to  evince  His  power,  the  Great  Author  of  nature 
has  willed  some  manifest  exceptions  to  this  rule.  All 
organized  beings  have  been  more  or  less  endowed  with 
the  faculty  of  accommodating  themselves  to  circum¬ 
stances,  In  the  larger  number  of  plants  this  faculty 
scarcely  exists;  but  in  some  it  is  much  stronger;  and  in 
others,  constituting  the  exceptions  among  vegetables,  the 
extent  of  the  accommodating  faculty  is  almost  incredible. 
In  general,  plants  that  are  the  natives  of  peculiar  soils, 
and  of  extreme  climates,  are  the  most  impatient  of  change; 
while  the  natives  of  ordinary  soils,  and  of  temperate  cli¬ 
mates,  have  a  wider  range  of  growth.  The  exceptions  to 
the  rule  of  adaptation  are  chiefly  among  plants  that  are 
natives  of  such  soils  and  climates.  Thus  “the  Samolus 
Valerandi  is  found  all  over  the  world,  from  the  frozen 
north  to  the  burning  south ;  associated  here  with  Birches , 
and  similar  northern  forms,  and  there  mixed  with  Palms 
and  the  genuine  denizens  of  the  tropics.  The  number  of 
plants,  however,  which  can  thus  accommodate  themselves 
to  all  circumstances  and  climates  is  limited ;  while  those 
which  readily  naturalize  themselves  in  climates  similar  to 


DISTRIBUTION  OF  PLANTS. 


331 


their  own,  are,  on  the  other  hand,  numerous.  Of  the 
latter,  indeed,  examples  present  themselves  at  every  step. 
All  the  hardy  plants,  for  instance,  of  our  gardens  may  in 
some  sort  be  considered  of  this  nature  ;  for  although  they 
do  not  grow  spontaneously  in  the  fields,  they  flourish 
almost  without  care  in  our  gardens.  The  Pine-apple  has 
gradually  extended  itself  eastward  from  America  through 
Africa  into  the  Indian  Archipelago,  where  it  is  now  as 
common  as  if  it  were  a  plant  indigenous  to  the  soil; 
and  in  like  manner  the  Spices  of  the  Indies  have  become 
naturalized  on  the  coast  of  Africa  and  the  West  India 
islands.”  To  this  property  of  naturalizing  themselves,  no 
doubt,  is  to  be  referred,  in  a  variety  of  instances,  the  pre¬ 
sence  of  the  same  plants  in  different  countries.  For  though, 
as  we  have  just  now  stated,  the  Flora  of  different  coun¬ 
tries  is  generally  different,  yet  in  almost  all  instances, 
some  plants  exist  which  are  found  in  other  countries. 
Thus,  “  above  350  species  are  said  to  be  common  to  Eu¬ 
rope  and  North  America ;  and  even  among  the  peculiar 
features  of  the  Flora  of  New  Holland,  Mr.  Brown  recog¬ 
nised  166  European  species.  The  presence  of  many  of 
such  strangers  may  undoubtedly  be  referred  to  the  agency 
of  man  and  other  animals ;  to  currents  in  the  ocean ;  to 
winds;  and  a  variety  of  natural  causes.”  While  “the 
presence  of  others,  seems  inexplicable  on  any  other  sup¬ 
position,  than  that  they  have  been  created  in  the  places 
where  they  now  exist.”* 

Hitherto  we  have  considered  plants  only  in  relation  to 
the  soil,  and  to  the  climate,  in  which  they  grow  ;  and  have 
not  entered  into  details  respecting  all  the  beautiful  ar¬ 
rangements,  by  which  their  growth  has  been  accomplished. 
The  consideration  of  these  arrangements  belongs  to  the 


*  Lindley’s  Introduction  to  Botany,  p.  501. 
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Physiologist,  the  Botanist,  and  the  Geologist,  with  whose 
duties  we  wish  as  little  as  possible  to  interfere.  There 
is,  however,  yet  one  point  of  view,  in  which  our  argument 
naturally  leads  us  to  consider  vegetation ;  namely,  as 
forming  the  link,  by  which  animals  are  connected  with  the 
earth  ;  in  other  words,  as  furnishing  to  animals  the  means 
of  subsistence. 

The  circumstance,  which,  perhaps,  more  than  any  other, 
is  calculated  to  arrest  our  attention  with  respect  to  vege¬ 
table  productions  in  general,  is  their  vast  profusion ,  in 
every  sense  of  the  term ;  whether  we  contemplate  their 
variety,  their  magnitude,  or  their  number.  Thus  the 
numerous  and  varied  plants  growing  in  tropical  climates, 
are  equally  remarkable  from  their  size,  their  luxuriant 
foliage,  and  the  exuberance  of  their  roots  and  seeds.  Let 
us  take  for  instance,  the  palm  tribe.  It  has  been  esti¬ 
mated  that  there  are  a  thousand  species  of  palms ;  and 
though  the  number  actually  known  to  exist  is  by  no 
means  so  large,  yet  late  discoveries  seem  to  render  the 
estimate  not  improbable.  In  many  of  the  palm  tribe  the 
developement  of  the  form,  and  the  quantity  of  flowers 
and  fruit  is  altogether  extraordinary.  Among  others,  the 
species  which  yields  the  well  known  Cocoa-nut  grows  to 
the  height  of  eighty  feet ;  each  plant  flourishes  for  a  cen 
tury ;  and,  during  the  greater  part  of  that  time,  continues 
to  produce  annually  at  least  a  hundred  of  these  large  nuts. 
Yet  the  cocoa-nut  species  may  be  considered  as  one  of 
the  least  productive  of  the  palm  tribe  :  for  every  bunch  of 
another  species,  the  Seje  palm  of  the  Oronoko,  bears  as 
many  as  8000  fruit ;  while  a  single  spatha  of  the  Date 
palm  contains  12,000  flowers;  and  in  a  third  species,  the 
Alfonsia  Amygdalina ,  there  is  the  enormous  number  of 
207,000  flowers  on  each  spatha ;  or  000,000  on  a  single 
individual  plant ! 
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In  superlative  exuberance,  however,  the  Palm  tribe 
must  yield  to  the  Banana ,  or  Plantain,  another  inhabitant 
of  tropical  countries.  The  fruit  of  this  plant  is  often  a 
foot  in  circumference,  and  seven  or  eight  inches  long :  it  is 
produced  in  bunches,  containing  usually  from  160  to  180 
fruit;  and  each  bunch  weighs  from  66  to  88  pounds 
avoirdupois.  As  Humboldt  has  remarked ;  the  small 
space,  therefore,  of  1000  square  feet,  on  which  from  thirty 
to  forty  Banana  plants  may  grow,  will,  on  a  very  moderate 
computation,  afford,  in  the  course  of  a  year,  4000  pounds 
weight  of  fruit ;  a  produce  133  times  greater,  than  could 
be  obtained  from  the  same  space,  if  covered  with  wheat ; 
and  44  times  greater  than  if  occupied  by  potatoes.  The 
Orange  tree  may  be  mentioned  as  another  instance  of 
extraordinary  fecundity  ;  thus  a  single  tree  at  St. 
Michael’s,  has  been  known  to  bear  in  a  season  20,000 
oranges  fit  for  packing,  exclusively  of  those  damaged  and 
wasted,  amounting  to  at  least  one  third  more.  An 
example  to  the  same  effect,  but  of  a  different  kind,  is  the 
Sugar  cane,  which  furnishes  an  unlimited  supply  of  sac¬ 
charine  matter  in  its  purest  form ;  while  various  roots,  as 
those  of  the  Cycas  Jatropa ,  and  many  others,  abound 
equally  in  farinaceous  matters. 

As  we  withdraw  from  the  Equator  into  the  regions  of 
hybernating  plants,  vegetation  is  seen  on  a  much  less  mag¬ 
nificent  scale ;  though  in  the  temperate  climates,  and 
even  where  we  might  expect  to  find  utter  sterility,  number , 
in  some  degree,  compensates  for  magnitude.  Thus,  in¬ 
stead  of  the  single  stupendous  tuft  of  the  palm,  we  have 
the  numerous  congregated  buds  of  our  deciduous  trees  ; 
instead  of  the  gigantic  and  solitary  grasses  of  the  torrid 
zone,  we  have  the  smaller  and  gregarious  varieties.  Some 
of  these  varieties,  as  the  Cerealia ,  or  Corn  tribe,  with 
their  myriads  of  seeds,  give  us  an  inexhaustible  supply  of 
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farinaceous  aliment;  while  others,  as  the  Grasses  properly 
so  called,  clothe  our  meadows  with  verdure,  even  to 
extreme  latitudes :  and  are  equally  productive  of  matter 
purely  herbaceous.  In  the  warmer  parts  of  the  tempe¬ 
rate  zone,  the  Olive  and  the  Vine  afford  the  oleaginous 
and  the  saccharine  principles,  under  a  form,  different,  but 
not  less  useful  than  the  oil  and  the  sugar  of  the  tropics  ; 
while  in  the  colder  parts,  various  seeds,  and  hardy  fruits, 
produce  an  ample  store  of  the  same  valuable  articles, 
though  in  a  condition  still  further  modified. 

In  the  preceding  detail  we  have  intentionally  kept  out 
of  view  the  existence  of  animals,  that  we  might  here  ask 
the  question, — Of  what  use  is  all  this  amazing  exuberance 
of  superfluous  matter  throughout  the  globe  ?  The  adapta¬ 
tion  of  plants  to  the  climates  in  which  they  flourish,  is 
evidently  the  work  of  an  intelligent  Creator.  But  can 
this  waste  of  materials,  and  of  labour,  be  reconciled  with 
the  same  wise  agency  ?  Surely,  the  mere  existence  of 
vegetation  did  not  require  such  prodigality.  Seeds,  for 
instance,  need  not  have  been  enveloped  in  bulky  fruits ; 
nor  need  they  have  been  produced  by  myriads :  and  all 
that  foliage,  all  those  flowers,  and  roots,  in  such  amazing 
profusion,  of  what  use  are  they;  why  were  they  so 
created?  If  we  regard  vegetation  as  a  thing  solely 
adapted  to  climate,  and  existing  for  its  own  sake  alone, 
the  question  scarcely  admits  of  a  rational  answer.  But  if 
we  consider  at  the  same  time,  the  existence  of  animals, 
and  view  these  superfluities  as  the  means  by  which  animal 
existence  is  principally  upheld ;  every  difficulty  vanishes, 
and  the  splendid  design  of  the  whole  wonderful  scheme 
becomes  at  once  apparent.  We  are  thus  brought  to  the 
consideration  of  animal  existence. 
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Section  II. 

Of  the  Distribution  of  Animals  over  the  Earth. 

Animals  have  been  so  constituted,  that  food  is  to  them 
indispensable :  they  can,  therefore,  exist  only  where  their 
food  has  been  supplied  by  nature.  On  land,  at  least  in 
the  warm  and  temperate  climates,  by  far  the  greater  pro¬ 
portion  of  animals  derive  their  subsistence,  either  directly 
or  indirectly,  from  the  vegetable  kingdom.  For  those 
animals  which  are  themselves  carnivorous,  prey  on  vege¬ 
table  feeders  much  oftener  than  otherwise ;  and  are  thus 
ultimately  dependent  on  vegetables.  Of  the  habits  of 
animals  living  in  the  sea,  and  thus  concealed  from  our 
view,  we  know  still  less :  but  in  general,  they  appear  to 
prey  on  each  other;  the  stronger,  as  is  usual,  devouring 
the  weaker. 

We  have  seen  the  wonderful  diversities  prevailing 
among  vegetables,  in  different  situations  and  climates ; 
and  it  may  be  truly  said,  that  the  diversities  among  animals 
are  not  less  numerous,  and  are  even  more  extraordinary. 
Thus,  in  every  climate  and  soil,  almost  every  herb  has  its 
appropriate  inhabitant ;  some  little  being,  that  comes  into 
existence,  passes  its  ephemeral  life,  and  dies  on  the  same 
plant ;  to  which,  being  therefore,  that  plant  constitutes  the 
world.  Nay,  in  general,  even  different  parts  of  the  same 
plant  have  each  its  separate  occupants,  one  feeding  on  its 
fruit,  another  on  its  flowers,  a  third  on  its  leaves,  perhaps 
a  fourth  on  its  mere  woody  core.  This  almost  infinite 
diversity,  and  infinity  of  number,  are  principally  confined 
to  the  smaller  animals,  or  insects.  As  animals  increase  in 
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size,  the  number  of  species  as  well  as  of  individuals  con¬ 
stantly  diminishes.  Thus,  while  there  are  hundreds  of 
species  of  the  Beetle  tribe,  and  the  individuals  are  count¬ 
less,  there  may  be  considered  to  be  only  one  Elephant ; 
and  while  Shrimps  are  in  numbers  like  the  sand  on  the 
sea-shore,  the  Whale  is  as  much  a  solitary  species.  This 
striking  difference  with  regard  to  numbers,  has  been  consi¬ 
dered  to  arise  necessarily  from  a  law  of  nature ;  and  in  one 
respect  such  an  explanation  is  very  obvious  :  but,  viewed 
in  another  manner,  there  is  discovered  to  us  an  admirable 
evidence  of  design.  It  is  clear  that  millions  of  elephants 
could  not  exist ;  if  for  no  other  reason,  from  want  of  food  ; 
but  why  should  millions  of  beetles  exist?  why  should 
these  little  creatures, — whose  life  is  so  transitory,  that  it 
consists  of  little  more  than  of  being  born,  and  of  dying ; 
whose  structure  is  so  frail  as  to  be  liable  to  be  annihilated 
by  the  slightest  accident ;  who  are  everywhere  surrounded 
by  all  sorts  of  enemies,  to  many  of  which  they  constitute 
a  natural  prey ; — why,  we  ask,  in  spite  of  all  these 
obstacles  and  dangers,  should  these  insignificant  animals 
contrive  to  exist  in  the  numbers  we  see?  No  natural 
law,  surely,  will  explain  the  appearance  of  such  multitudes. 
The  difficulty  requires  another  solution ;  and  the  only 
solution  which  can  be  offered  is  design — that  it  was  so 
designed  by  the  Great  Author  of  nature.  And  how  has 
he  effected  His  purpose  of  multiplying  to  such  an  extent 
these  little  animals  ?  The  answer  is,  simply  by  increas¬ 
ing  their  fecundity.  Had  beetles,  like  elephants,  brought 
forth  only  one  young  at  a  time ;  long  ere  now,  their  race 
would  have  been  exterminated ;  but,  being  produced  by 
thousands;  some  of  the  numerous  offspring  chance  to 
escape,  and  thus  the  race  is  perpetuated. 

We  shall  not  dilate  further  on  the  arrangements  which 
have  been  made  for  the  existence  and  preservation  of 
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animals,  but  shall  proceed  to  consider  their  distribu- 
j  tion. 

The  distribution  of  animals  over  the  earth  may  be 
conveniently  treated  of  under  the  same  heads  as  the  dis¬ 
tribution  of  vegetables ;  and,  first 

1.  Of  the  Differences  among  Animals  dwelling  in 
similar  Situations  in  different  Parts  of  the  World, — 
The  dwelling  of  animals  in  the  water  is,  perhaps,  the 
most  remarkable  as  regards  their  localities.  Now,  since, 
from  circumstances  formerly  stated,  the  changes  of  tem¬ 
perature  are  very  different  in  the  sea  from  what  they  are 
on  land ;  and  since  most  aquatic  animals  prey  on  each 
other,  and  consequently  in  some  degree  are  independent 
of  climate ;  the  distribution  of  such  animals  over  the 
globe,  follows  laws  materially  different  from  those  laws,  by 
which  the  distribution  of  land  animals  is  regulated.  This 
variation  of  temperature,  more  especially  affects  the 
distribution  of  animals  in  high  latitudes;  and  must  be 
taken  into  account  at  the  very  outset  of  this  part  of  our 
inquiry.  We  shall,  therefore,  state  concisely  the  distri¬ 
bution  of  land  animals,  and  of  sea  animals,  apart  from  each 
other. 

The  distribution  of  land  animals,  resembles  to  a  cer¬ 
tain  extent,  the  distribution  of  vegetables :  for  though 
animals  differ  from  plants,  in  being  endowed  with  the 
power  of  locomotion ;  yet,  as  the  larger  number  of  animals 
are  dependent  on  vegetables  for  their  subsistence,  they 
are  necessarily  confined  to  those  places,  where  their  pecu¬ 
liar  food  may  be  obtained.  This  limitation  of  range,  is 
most  observable  in  the  case  of  the  smaller  animals.  The 
existence  of  many  kinds  of  insects,  especially,  is  intimately 
connected  with  the  existence  of  certain  plants.  In  every 
tribe  of  animals,  however,  there  are  species  occupying 
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very  different  localities.  Thus,  in  the  same  tribe,  some 
species  dwell  on  the  mountains,  others  on  the  plains ; 
some  species  are  most  numerous  on  the  sea-coast,  others 
live  on  trees,  while  species  of  the  same  tribe  burrow  in  the 
ground.  All  these  diversities,  in  regard  to  residence,  are 
like  many  besides,  influenced  probably  by  the  greater  or 
less  degree,  in  which  the  locality  affords  the  means  of 
obtaining  subsistence.  But,  in  many  animals,  there  is 
also  a  wonderful  adaptation  of  structure  to  the  place  they 
inhabit ;  proving,  beyond  a  doubt,  that  the  distribution  of 
animals  has  been  arranged  by  design;  and  that  they 
form  but  a  part  of  the  great  symmetrical  whole  of  crea¬ 
tion. 

In  animals  living  in  water,  the  same  peculiarities 
of  habitude  are  observable,  as  in  those  living  on  the 
land.  Thus,  it  is  perfectly  known  that  many  animals 
can  exist  in  salt  water ;  others  only  in  fresh.  Some 
prefer  the  deep  and  open  sea,  others  frequent  only 
shallow  water,  or  the  mouths  of  rivers.  Of  those  that 
flock  to  the  coast,  some  shun  turbid  water,  others  burrow 
in  the  mud.  In  short,  though  the  habits  and  adaptations 
of  aquatic  animals  can  be  less  satisfactorily  ascertained ; 
there  is  every  reason  to  believe,  that  they  are  at  least 
as  wonderful,  as  the  habits  and  adaptations  of  the  occu¬ 
pants  of  the  land. 

There  is  an  equally  striking  diversity  in  the  animals, 
as  in  the  plants,  of  similar  localities  and  climates  in 
different  parts  of  the  world.  Thus,  in  the  old  world, 
though  there  are  many  genera  common  to  the  analogous 
climates,  on  the  north,  and  on  the  south,  of  the  equator ; 
yet  the  species  are  totally  different.  For  instance,  the 
northern  hemisphere  possesses  the  Horse,  and  the  Ass; 
while,  in  the  south,  these  species  are  represented  by  the 
Zebra  and  the  Quagga.  In  the  southern  hemisphere, 
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there  also  exist  many  species  which  are  quite  peculiar ; 
as  the  Giraffe ,  the  Cape  Buffalo ,  and  a  variety  of  animals 
having  the  Antelope  form.  So,  likewise,  the  animals  of 
the  old  and  the  new  world  are,  in  general,  quite  distinct ; 
unless,  perhaps,  towards  the  north,  where  the  two  conti¬ 
nents  approximate ;  and  where,  in  consequence,  there  are 
some  species  common  to  both.  Thus  the  Elephant ,  the 
Rhinoceros ,  the  Hippopotamus,  the  Giraffe ,  the  Camel ,  the 
Dromedary ,  the  Horse ,  and  the  Ass  ;  also  the  Lion  and 
the  Tiger ,  and  various  species  of  Apes,  Baboons,  and 
other  animals,  with  which  we  are  familiar  in  the  old 
world,  were  not  found  in  America.  On  the  other  hand, 
the  American  species,  the  Lama ,  and  the  Peccari ;  and 
among  carnivorous  animals,  the  Jaguar ,  or  American 
tiger;  also  the  Agouti,  the  Paca,  the  Coati,  the  Sloth , 
and  others,  were  equally  unknown  in  the  old  world. 
Again,  the  animals  of  New  Holland  differ,  like  its  vege¬ 
tation,  not  only  from  all  those  of  our  continent,  but 
from  those  of  all  the  world  besides.  In  New  Holland, 
there  are  more  than  forty  species  of  marsupial  or  pouched 
animals,  of  which  the  Kangaroo  is  that  with  which  we 
have  become  best  acquainted ;  while  everywhere  else, 
there  is  hardly  a  known  instance  of  a  pouched  animal. 
Nor  are  these  differences  confined  to  the  more  perfect 
animals.  They  are  even  more  striking  as  we  descend  in 
the  zoological  scale.  Thus  among  birds  the  individual 
species  of  the  Parrot  tribe,  in  America,  differ  altogether 
from  those  of  Africa ;  and  those  of  Asia  differ  from  both. 
The  minute  and  beautiful  family  of  Humming  birds  is 
peculiar  to  America.  While  the  species  of  the  common 
Grouse  of  this  country  is  met  with  in  no  other  part  of 
the  known  world. 

From  the  class  of  reptiles,  may  be  mentioned  the 
Great  Saurian  or  Lizard  tribe.  Thus  the  Crocodile  of 
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the  Nile,  is  entirely  different  from  the  Cayman  of  America  ; 
and  even  from  the  Gavial  of  the  Ganges.  In  the  divi¬ 
sion  of  snakes,  too,  the  Boa  of  India  differs  from  the  nearly 
allied  Python  of  America ;  and  of  the  poisonous  varieties, 
the  Rattlesnake  is  peculiar  to  America,  the  Cerastes  to 
Africa,  the  Hooded  snake  to  Asia.  As  we  have  already 
stated ;  the  diversities  among  insects  are  still  more- 
numerous  and  remarkable  than  among  the  larger  animals. 
To  enter  into  details  would  be  endless  ;  we  shall  there¬ 
fore  mention  only  one  of  the  best  known  and  widest 
extended  of  all  the  insect  tribe,  viz.  our  common  Bee . 
This  insect  did  not  exist  in  America,  or  in  New  Holland; 
though  it  is  found  in  all  parts  of  the  old  world ;  the  wax 
and  honey  of  Europe,  Asia,  and  Africa  being  obtained 
from  species  having  a  close  resemblance  to  each  other. 

Nor  are  these  differences  confined  to  land  animals ;  the 
inhabitants  of  the  waters  are  equally  diversified.  Thus 
the  Whales  of  the  northern  ocean  are  quite  unlike  those 
of  the  south  ;  as  are  the  Seals ,  and  other  analogous  ani¬ 
mals  in  the  polar  regions.  Different  seas,  also,  not  only 
when  far  apart ;  but  even  some  which  freely  communicate, 
are  often  exceedingly  dissimilar  in  their  zoology.  Thus,  the 
fishes  of  the  Arabian  Gulf  are  said  to  differ  entirely  from 
the  fishes  of  the  Mediterranean;  notwithstanding  the 
proximity  of  these  seas.  Nor  does  the  remark  apply  only 
to  the  larger  fish  in  these  seas,  but  holds  equally  with  re¬ 
spect  to  their  testaceous  and  molluscous  species. 

Such  are  a  few  of  the  more  striking  facts  with  regard 
to  the  distribution  of  animals  in  similar  climates  and 
localities  throughout  the  world.  We  now  shall  briefly 
speak, 

2.  Of  the  Effects  of  Diversity  of  Climate  on  the  Distri¬ 
bution  of  Animals. — In  tropical  climates,  the  qualities  of 
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animals,  as  well  as  the  qualities  of  vegetables,  are  de¬ 
veloped  to  the  utmost ;  producing  that  harmonious  adap¬ 
tation  of  all  the  works  of  nature,  conspicuous,  indeed, 

I  in  all  climates,  but  in  Tropical  climates  more  especially. 
For,  where  else  than  amidst  the  profuse  exuberance  of 
the  vegetation  within  the  tropics,  could  the  Elephant ,  the 
Rhinoceros ,  the  Giraffe ,  and  other  large  quadrupeds  find 
i  subsistence  ?  Where  else  could  we  expect  to  see  such 
birds  as  the  Ostrich  and  the  Cassowary  ?  such  reptiles  as 
the  Crocodile  f  such  serpents  as  the  Boa  ?  To  what 
other  part  of  the  world  could  the  magnificent  butterflies, 
the  enormous  beetles  and  spiders,  be  so  appropriate? 
Even  among  the  marine  animals  of  Tropical  climates, 
there  is  the  same  wonderful  enlargement  of  size.  Thus 
certain  species  of  the  Crab  and  Lobster ,  and  various  shell 
fish,  often  attain  an  enormous  magnitude.  Nor  is  there 
a  developement  of  size  only,  but  of  every  other  property 
in  an  equal  degree.  Countries  within  the  tropics  exhibit 
the  most  beautiful  forms — the  most  splendid  colours  in 
nature.  There,  in  short,  is  the  most  astonishing  display 
of  all  those  things  which  seem  to  be  entirely  orna¬ 
mental  :  as,  for  example,  the  singular  plumage  of  the 
Birds  of  Paradise — the  gaudy  liveries  of  many  of  the 
Parrot  tribe — the  extraordinary  and  varied  forms  and 
colours  of  many  insects  and  shells. 

Not  only  is  there  in  Tropical  climates  an  assemblage  of  all 
the  concomitants  of  productiveness,  and  utility,  and  embel¬ 
lishment  of  every  kind  ;  in  these  climates,  there  is  another, 
and  not  less  marked  demonstration,  of  the  power  and 
the  wisdom  of  the  Creator.  Within  the  Tropics  death , 
the  last,  the  inevitable  scene,  assumes  a  character  as  new 
and  multiform  as  that  of  the  life  it  terminates.  There, 
rages  the  implacable  ferocity  of  the  Tiger,  and  of  the 
larger  beasts  of  prey ;  there,  the  fangs  of  the  serpent  are 
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charged  with  the  most  malignant  venom ;  there,  even  the 
insects  are  as  formidable  as  they  are  numerous.  Nor  is 
this  intensity  of  the  destroying  power,  incongruous  or 
without  an  object ;  but  evidently  is  in  perfect  harmony 
with  the  rest  of  creation,  and  with  the  design  of  the  Crea¬ 
tor.  The  wonderful  productiveness  of  animals  in  Tropical 
countries,  renders  unavoidable,  some  checks  against  their 
excessive  increase :  and  in  devising  these  checks,  the 
great  Author  of  Nature  has  displayed  the  same  attributes 
which  are  manifest  in  all  his  other  works.  No  one  who 
seriously  reflects,  can  doubt  either  the  wisdom  or  the 
benevolence  of  the  provision.  For  why  are  Tigers  and 
Serpents  confined  to  those  parts  of  the  world,  where  their 
existence  is  not  only  accordant ;  but  where,  for  one  great 
purpose  at  least,  they  are  even  necessary  ?  Surely  such 
limitation  could  have  happened  only  from  design  ;  and  the 
argument  is  strengthened  a  hundred  fold,  when  we  con¬ 
template  the  striking  disj3lay  of  wisdom  and  of  power, 
exemplified  in  the  singular  adaptation  of  the  structure  of 
these  animals,  to  their  peculiar  habits.  Thus  how  won¬ 
derfully  is  the  Tiger  formed :  how  extraordinary  as  well 
as  wonderful,  must  be  the  organization  of  Serpents ! 
Who  (unless  he  had  witnessed  the  fact)  could  have 
believed,  that  the  animal  frame  was  capable  of  separat¬ 
ing  from  its  juices,  and  of  retaining  with  impunity,  a 
poison  instantly  fatal,  not  only  to  other  animals,  but  to  the 
animal  itself ;  if  again  mingled  with  the  juices  from  which 
it  had  been  excreted  ! 

Nor  in  all  these  things  is  the  benevolence  of  the  Deity 
less  conspicuous  than  his  wisdom.  All  must  die;  and 
death  from  rapacious  or  venomous  animals,  is  probably  not  in 
any  degree  more  painful,  than  many  other  modes  of  death 
which  we  constantly  witness.  There  is,  in  truth,  to  our  own 
narrow  and  selfish  feelings,  something  exceedingly  painful 

7 


DISTRIBUTION  OF  ANIMALS. 


343 


in  the  idea  of  being  torn  to  pieces  by  a  Tiger,  or  stung  to 
death  by  a  Rattlesnake ;  but  how  many  thousands  of  mice 
are  destroyed  by  cats  ?  and  how  many  myriads  of  flies  are 
poisoned  by  spiders,  every  day  we  live  ?  and  yet  we  hardly 
|  commiserate  them.  The  question,  therefore,  is  simply  a 
j  question  of  degree  :  and  viewing  the  existence  and  the 
destruction  of  animals,  as  they  ought  to  be  viewed,  on 
the  great  scale,  we  find  that  the  whole  is  perfectly  in 
unison.  While  as  checks  on  over  productiveness  in 
temperate  climates,  we  have  cats  and  spiders ;  amidst  the 
grandeur  and  the  luxurious  developement  of  the  Tropics, 
the  same  wise  purpose  is  executed  by  the  Tiger  and  by  the 
Rattlesnake. 

As  we  advance  from  the  Equator  into  the  temperate 
zone ;  the  size  of  animals  in  general,  like  the  size  of 
vegetables,  becomes  gradually  smaller.  Like  the  vege¬ 
tables,  too,  the  animals  of  the  temperate  zone  are  more 
gregarious  than  within  the  Tropics.  Hence  number ,  as 
among  vegetables,  compensates  in  some  degree  for  di¬ 
minished  magnitude .  The  two  kingdoms  of  nature  there¬ 
fore  are  beautifully  analogous  ;  for  the  gregarious  grasses, 
which,  as  we  before  observed,  form  so  marked  a  feature 
in  the  vegetation  of  temperate  climates,  constitute  in  one 
shape  or  other  the  principal  food  of  the  gregarious  tribes 
of  animals.  Thus  the  whole  cattle  tribe — The  Ox ,  the 
Sheep ,  the  Goat ;  the  different  varieties  of  Deer ;  the 
Rabbit  and  Hare ;  also  the  Horse  and  the  Ass ;  with  a 
multitude  of  other  well-known  animals  of  a  similar  charac¬ 
ter,  are  natives  chiefly  of  temperate  climates,  and  obtain 
their  nourishment  almost  entirely  from  the  grasses. 
Among  birds,  the  numerous  species  of  the  Gallinaceous,  or 
Fowl  tribe,  may  be  said  to  derive  their  food  from  the  same 
source.  As  regards  the  existence  of  animals,  therefore, 
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the  gramineous  tribe  of  plants  is  more  important  than 
perhaps  any  other  ;  and  could  not  be  annihilated,  without 
the  destruction  of  the  present  order  of  living  beings. 

As  further  examples  of  animal  species  indigenous  to 
temperate  climates,  may  be  mentioned  the  Canine  species 
and  those  allied  to  it,  most  of  which  are  more  or  less  car¬ 
nivorous  ;  also  the  Hog ;  and  a  variety  of  other  animals 
that  need  not  be  here  enumerated.  The  Hog  tribe,  as  is 
well  known,  are  omnivorous ;  but  in  their  natural  state, 
they  feed  principally  on  the  seeds  and  roots  of  plants. 
Among  birds  peculiar  to  temperate  climates,  are  various 
tribes  of  Water-fowl  subsisting  on  fish  and  on  insects. 
Of  the  smaller  land  birds,  the  various  Songsters  offer  a  re¬ 
markable  contrast  to  the  birds  of  similar  form  within  the 
Tropics  ;  not  only  from  their  more  melodious  notes,  but 
from  the  simple  colouring  of  their  feathers.  In  temperate 
countries  the  Insects  are  still  exceedingly  multiplied ; 
though,  in  general,  like  the  other  animals,  they  are  much 
smaller  in  size  than  the  Tropical  insects  ;  their  forms, 
their  colours,  and  other  peculiarities,  are,  also,  much  less 
striking. 

As  we  advance  toward  the  Poles ;  the  animals  of  tem¬ 
perate  climates  are  observed  gradually  to  decline  in  num¬ 
ber.  The  vegetable  feeders  become  reduced  to  a  few 
hardy  species  :  and  at  length  in  the  remote  north  and 
south  scarcely  any  vegetable  feeders  remain.  So  far  as 
shrubby  plants  continue  to  grow  in  these  inhospitable  re¬ 
gions,  individuals  of  the  Squirrel  tribe  find  subsistence  on 
their  seeds  and  roots.  But  the  most  singular  herbi¬ 
vorous  animal  is  the  Reindeer ;  whose  principal  food 
is  afforded  by  nature,  in  a  species  of  moss  peculiar  to 
very  cold  countries.  The  animals  nearer  the  Poles,  are 
either  carnivorous  or  piscivorous.  The  Arctic  Fox  and 
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!  the  Bear  are  familiar  instances,  as  terminating  the 
Zoological  series,  viewed  in  connexion  with  the  influence 
i  of  climate. 

We  have,  in  the  last  place,  to  notice  what  is  most  re- 
!  markable  in  the  distribution  of  Marine  animals. 

For  the  reasons  before  stated,  the  general  temperature 
of  the  ocean,  differs  considerably  from  the  temperature  of 
the  neighbouring  land.  Owing  to  this  difference  of  tem¬ 
perature,  and  to  the  peculiar  mode  of  subsistence  of  marine 
animals,  their  food  being  obtained  chiefly  from  the  waters 
they  inhabit ;  the  distribution  of  these  animals,  particularly 
within  the  frigid  zone,  varies  much,  as  compared  with 
the  distribution  of  animals  that  are  entirely  terrestrial.  It 
is  true,  indeed,  that  in  all  climates,  the  denizens  of  peculiar 
localities,  as  fresh  water  species,  and  species  whose  resort 
is  the  shallows  on  the  coast,  are  influenced  by  the  climate 
nearly  as  much  as  land  animals  :  and  within  the  Tropics, 
this  influence  extends  in  some  degree  even  to  the  species 
dwelling  in  the  wide  ocean.  But  far  to  the  north,  and 
to  the  south,  such  species  are  influenced  in  a  manner 
altogether  different.  Thus  the  largest  of  known  animals, 
the  Whale ,  and  of  course  those  other  animals  which  be¬ 
come  its  prey,  roam  through  the  utmost  Polar  seas  ;  where 
on  land  the  intensity  of  the  cold  would  prevent  the  exist¬ 
ence  of  any  animal  whatever.  The  whale  is  enabled  to 
live  in  so  rigorous  a  climate,  solely  in  consequence  of  the 
greater  warmth  of  the  Polar  ocean,  formerly  explained. 
Among  the  larger  inhabitants  of  the  ocean  in  Tropical 
climates,  may  be  mentioned  the  Shark  tribe ;  which  in 
respect  of  ferocity  and  voraciousness,  may  be  classed  with 
the  tiger,  or  any  kindred  species  on  land.  The  influence 
of  climate  on  marine  animals  is  further  shown,  as  we  have 
said,  by  the  enormous  size  of  many  of  the  Tropical  shell¬ 
fish  and  mollusca.  The  colouring  of  these  and  also  of 
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other  productions  of  the  Equatorial  seas,  often  exhibits  so 
much  lustre  and  beauty,  as  to  rival  the  most  splendid  of 
the  feathered  race.  In  temperate  climates,  and  from  the 
equal  temperature  of  the  sea,  even  within  the  frigid  zone, 
various  species  of  fish  are,  like  terrestrial  animals,  much 
disposed  to  be  gregarious.  The  shoals  of  Herring ,  Mac¬ 
kerel ,  and  other  well-known  visitants  of  our  coasts,  are 
familiar  examples  of  the  gregarious  tendency.  The  Sal¬ 
mon  and  the  Sturgeon  may  be  adduced  as  instances  of 
fish  inhabiting  chiefly  the  rivers  of  temperate  and  colder 
countries.  While  in  the  same  climates,  instead  of  the 
magnificent  Pearl  oyster  of  the  Tropics,  there  appears 
our  common  Oyster ,  so  diminutive  and  unsightly,  yet  so 
profitable  to  man. 

We  have  thus  seen  that  animals,  like  plants,  have  in 
general  been  adapted  to  particular  climates.  The  numerous 
cold-blooded  animals  of  the  Tropics  —  even  the  warm¬ 
blooded  Tiger  itself,  amid  the  Polar  snows,  would  instantly 
perish.  The  Arctic  bear  would  be  not  less  unable  to  live, 
under  the  scorching  rays  of  a  vertical  sun.  Yet  though 
adaptation  to  one  climate  be  the  general  law  regarding 
animals  as  well  as  plants :  some  species  of  animals  have, 
as  evidently  as  some  species  of  plants,  the  faculty  of  ac¬ 
commodating  themselves  to  all  climates.  These  species, 
like  the  plants  similarly  endowed,  are  for  the  most  part 
natives  of  temperate  climates ;  the  transition  from  such 
climates  to  either  extreme,  being  much  less  violent  than 
from  one  extreme  to  the  other.  Thus  our  domestic  ani¬ 
mals  have  been  successively  introduced  into  the  New 
W orld,  at  various  periods  since  its  discovery  ;  and  are  now, 
in  incredible  numbers,  spread  over  the  whole  of  that  vast 
continent,  from  Canada  to  Paraguay.  The  greatest  in¬ 
crease  has  been  of  the  Horse,  the  Ox,  the  Sheep,  the 
Goat,  the  Dog,  the  Cat,  and  the  Hog.  The  Rat,  too, 
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though  an  unwelcome  intruder,  has  been  not  the  least 
prolific.  The  different  varieties  of  domestic  Poultry  have 
multiplied  to  an  equal  extent.  Even  Insects  have  been 
introduced,  and  widely  spread,  as  is  well  known  to  horti¬ 
culturists. 

Like  plants,  most  animals  also  are  readily  domesticated, 
and  thrive  in  climates  similar  to  those  of  which  they  are 
natives.  The  most  striking  instance  is  the  Rein-deer;  so 
lately  as  in  the  year  1773  introduced  into  Iceland,  and 
now  exceedingly  numerous  in  the  interior  of  that  country. 
From  these  powers'  of  accommodation  to  climate,  from 
the  agency  of  man,  and  from  accidental  causes ;  the  dis¬ 
tribution  of  the  larger  animals  over  the  globe  has,  in  com¬ 
paratively  recent  times,  been  very  much  modified.  Nor 
is  there  any  reason  to  believe,  that  the  distribution  of 
these  animals  is  yet  stationary ;  but,  on  the  contrary,  that 
their  distribution  will  undergo  still  further  changes. 

Among  the  more  remarkable  habits  of  animals,  may  be 
noticed  the  migratory  propensities  of  certain  species.  The 
migration  of  land  animals,  is  always  much  limited,  and 
may  be  entirely  prevented  by  natural  obstacles ;  such  as 
the  asperities  of  the  earth’s  surface  ;  sands ;  deep  rivers, 
or  other  large  accumulations  of  water.  But  many  birds  and 
even  insects,  possessing  powerful  locomotion,  and  having 
their  course  through  the  air,  may  literally  be  said  to 
follow  the  sun  in  their  migratory  progress.  It  is  hardly 
necessary  to  state  as  examples,  the  birds  of  passage  so 
well  known  as  the  Swallow  and  the  Cuckoo.  These  birds 
during  the  summer  months  visit  our  northern  climate, 
and  feed  on  insects,  whose  multiplication  would  otherwise 
be  boundless.  Their  office  fulfilled  here ;  on  the  de¬ 
clination  of  the  sun,  they  again  retire  to  the  south  ;  and 
are  succeeded  by  different  birds  from  countries  still  further 
north.  Such  are  the  Woodcock  and  others,  which  escape 
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to  our  shores  from  the  rigorous  cold  of  a  Polar  winter. 
Nor  is  migration  confined  to  the  higher  classes  of  animals. 
The  wonderful  powers  of  flight  possessed  by  many  insects, 
enable  them  to  travel  over  an  immense  extent  of  country. 
The  Locust  and  the  Ant  tribe  are  familiar  examples. 
These  insects  occasionally  migrate  in  countless  swarms 
from  the  lands  to  which  they  are  indigenous,  and  lay 
waste  others  far  remote. 

Equally  remarkable  is  that  habit  of  animals  termed 
Hybernation.  Like  the  plants  of  temperate  climates, 
some  animals  have  the  faculty  of  passing  the  colder  season 
of  the  year  in  a  state  of  sleep.  The  Hedgehog  and  the 
Dormouse  may  be  mentioned  as  examples  of  quadrupeds 
possessing  this  faculty.  Additional  instances  might  be 
given  in  all  the  classes  of  animals.  Nearly  allied  to  Hy¬ 
bernation,  is  that  peculiar  instinct  which  guides  many 
of  the  inferior  animals  to  deposit  their  eggs  in  the  earth, 
or  in  some  other  place  of  safety  ;  that  they  may  be  pre¬ 
served  during  the  season  of  diminished  temperature.  This 
instinct  is  particularly  observable  in  insects  whose  lives 
are  ephemeral,  or  are,  at  the  utmost,  prolonged  for  a 
summer. 

There  is  yet  another  circumstance  that  remains  to  be 
noticed,  as  being  connected  with  the  adaptation  of  animals 
to  the  climates  in  which  they  live ;  namely,  the  Clothing 
or  covering  with  which  animals  have  been  supplied  by 
nature.  Every  one  is  acquainted  with  the  general  fact, 
that  wool,  fur,  eider-down,  and  similar  articles,  are  ob¬ 
tained  for  the  most  part,  not  from  the  copious  source  of 
every  superfluous  production,  the  countries  within  the 
tropics ;  but  from  the  cold,  and  comparatively  unprolific 
regions  of  the  temperate  and  of  the  frozen  zones  ;  where 
they  have  constituted  the  appropriate  vesture  of  different 
animals.  Perhaps  in  the  whole  range  of  creation,  there 
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is  not  any  thing  more  calculated  to  excite  our  admiration. 
However  we  may  view  these  means  of  guarding  animals 
from  being  injured  by  the  cold  ;  whether  as  a  part  of  that 
conservative  faculty  with  which  animals  have  been  en¬ 
dowed,  and  by  which  their  existence  is  maintained  ;  or  as 
an  immediate  act  of  Providence ;  still  the  adaptations  are 
so  striking  and  obvious,  as  to  render  it  impossible  to  doubt 
for  a  moment,  that  they  have  all  been  contrived  for  the 
purpose  which  is  accomplished  ;  and  that  they  are  the  re¬ 
sults  of  fore-knowledge  and  of  design. 

0  © 


We  have  thus  given  a  rapid  sketch  of  the  distribution 
of  animals  over  the  globe.  In  this  sketch,  we  have  en¬ 
deavoured  to  point  out  the  wonderful  adaptations  of  the 
several  classes  of  animals  to  the  circumstances  in  which 
they  are  placed ;  together  with  the  beautiful  symmetry 
and  equilibrium,  exhibited  in  zoology,  not  less  than  in  the 
arrangements  of  inanimate  matter.  Throughout,  we  have 
intentionally,  and  as  far  as  was  possible,  avoided  those 
details,  the  consideration  of  which  belongs  to  other  depart¬ 
ments.  But  it  has  been  our  aim  to  state  such  prominent 
facts,  as  appeared  best  calculated  for  the  elucidation  of 
our  argument.  In  particular,  it  has  been  our  desire  to 
show — how  number  among  the  we^k  is  made  to  compen¬ 
sate  for  magnitude  among  the  strong  ;  how  exuberance  in 
one  species  is  made  to  contribute  to  the  existence  of 
another :  how  ornament  and  boundless  profusion  cha¬ 
racterize  the  countries  within  the  tropics,  while  the 
temperate  climates  are  not  less  distinguished  by  utility 
and  capacity  for  change ;  how,  even  in  the  rigorous  and 
barren  neighbourhood  of  the  Poles,  where  life  becomes  a 
struggle  for  existence,  animals  have  been  expressly  fur- 
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nished  with  clothing  suitable  to  these  regions ; — in  short, 
we  have  endeavoured  to  explain,  how  every  animal,  in 
every  climate,  has  its  day ;  and  by  some  peculiar  contri¬ 
vance,  has  been  enabled  to  maintain  its  rank  in  creation, 
and  to  assist  in  preserving  the  general  equilibrium. 

Hitherto  we  have  considered  the  works  of  nature  with¬ 
out  reference  to  Man.  For  aught  we  can  see  to  the  con¬ 
trary,  they  might  all  have  existed,  and  every  arrangement 
and  operation  might  have  been  very  nearly,  if  not  exactly, 
the  same  as  at  present ;  though  man  had  never  been  called 
into  being.  But  still,  for  a  moment  longer,  keeping  man’s 
existence  out  of  view ;  let  us,  as  under  a  former  division 
of  this  Treatise,  inquire,  what  would  have  been  the  use 
of  all  this  elaborate  design,  without  an  ulterior  object  ? 
Would  an  intelligent  Creator  have  made  such  a  world, 
and  have  left  it  thus  incomplete  \  It  is  evident  that  the 
other  beings  inhabiting  this  earth,  live  and  die,  without 
in  the  slightest  degree  comprehending  the  vast  system  of 
which  they  constitute  a  part.  Hence  they  are  merely 
unconscious  agents,  from  which  their  Maker,  while  he  has 
furnished  them  with  the  instincts  necessary  to  their  exist¬ 
ence,  and  has  awarded  equal  justice  to  all,  has  yet  chosen 
to  withhold  the  privilege  of  reason.  That  a  Creator, 
as  benevolent  as  he  is  wise,  might,  for  his  own  grati¬ 
fication,  have  made  si^ph  a  world,  and  without  any  other 
inhabitants,  is  indeed  possible.  But,  even  admitting 
that  possibility,  the  probability  surely  is,  that  he  would 
not  there  have  finally  “  rested  from  his  labour.”  His 
benevolence  would  have  prompted  him  to  communicate  to 
other  beings,  a  portion  of  the  gratification,  which  he  him¬ 
self  is  supposed  to  derive  from  the  contemplation  of  his 
works.  In  the  beautiful  world  which  he  had  created,  He 
would  have  wished  to  see  one  being  at  least,  capable  of 
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appreciating  to  a  certain  extent  His  design  and  Ilis  ob¬ 
jects.  Such  is  a  plain  inference  deducible  from  the  mani¬ 
fest  attributes  of  the  Creator  ;  and  what  is  the  fact  ?  Is 
not  man  such  a  being  as  we  have  supposed  ?  Throughout 
the  world,  though  perfectly  independent  of  him,  is  there 
not  a  clear  foretoken  of  his  existence  ?  Has  he  not  been 
placed  at  the  head  of  that  world,  so  obviously  prepared 
for  him  ;  and  thus  constituted  “  the  Minister  and  Inter¬ 
preter  of  nature  ?”  Surely  no  one  will  be  inclined  to 
doubt  that  such  is  the  position  of  man  with  reference  to 
other  animals.  Equally  undeniable,  is  the  striking  ac¬ 
cordance  of  these  deductions  from  the  view  of  external 
objects,  with  what  is  written  of  the  origin  of  man  by  the 
sacred  historian  :  “and  God  said,  that  it  (the  world  which 
he  had  prepared)  was  good.  And  God  said,  let  us  make 
man  in  our  own  image,  after  our  own  likeness,  (that  is 
to  say,  endowed  with  reason  and  with  the  power  of  reflec¬ 
tion).  And  let  him  have  dominion  over  the  fish  of  the 
sea,  and  over  the  fowl  of  the  air,  and  over  the  cattle,  and 
over  every  creeping  thing,  that  creepeth  on  the  earth.” 

We  thus  arrive  at  another,  and  to  us  the  final  step  in 
the  great  design  of  the  Omnipotent :  the  creation  and  the 
faculties  of  Man. 


Section  III. 

Of  the  present  Position  and  future  Prospects  of  Man. 

The  consideration  of  the  faculties  of  man,  and  of  his 
position  in  the  world  he  inherits,  belongs,  in  all  its  details, 
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to  another  department.  We  advert  to  these  subjects 
here,  with  the  view  only  of  completing  our  sketch  of  the 
physical  relations  of  animated  beings.  The  observations 
we  have  to  offer  will  be  comprised  under  two  heads  : — 
as  to  the  means,  by  which  man  has  acquired  and  maintains 
the  ascendency  he  enjoys  : — as  to  the  conclusions  to  be 
drawn,  from  mans  elevated  position,  and  from  his  superior 
intellectual  character . 

With  regard  to  the  means  by  which  man  has  acquired 
and  maintains  his  ascendency ,  it  may  be  observed,  that 
these  means  are  quite  peculiar ;  and  far  from  being  such, 
as  at  first,  perhaps,  we  might  deem  conducive  to  such  an 
object :  though  when  once  known  and  understood,  the 
beautiful  design  and  harmony  they  evince,  immediately 
become  apparent. 

The  supremacy  of  man  has  not  been  the  result  of  his 
own  personal  strength  ;  nor  is  it  so  upheld.  On  the  con¬ 
trary,  many  animals  are  larger  and  more  powerful  than  he 
is ;  while  few  of  his  size,  are  naturally  so  incapable  of 
self-defence  ;  or,  during  so  long  a  period,  suffer  from  the 
dependent  helplessness  of  infancy,  and  of  old  age.  Neither 
is  his  frame  superior  in  external  adaptation  to  climate  : 
for  while  nature  has  furnished  other  animals  with  clothing 
adapted  to  the  temperature  in  which  they  live,  man  has 
been  brought  into  being  absolutely  naked  ;  and  moreover 
remains  so,  in  every  climate  he  inhabits,  from  the  Equator 
to  the  Poles.  Lastly,  the  pre-eminence  of  man  has  not 
been  owing  to  his  more  extensive  range  of  diet ;  or  to  his 
greater  ability  for  assimilation  ;  for  though  man  be  omni¬ 
vorous  in  one  sense  of  the  term,  he  is  not  omnivorous  ac- 
cordingto  the  application  of  the  term  to  other  animals;  that 
is  to  say,  man  does  not  eat  indiscriminately  of  every  kind 
of  aliment,  in  the  state  in  which  it  is  afforded  by  nature ; 
for  even  in  his  rudest  condition,  he  adopts  some  process 
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of  cookery.  How  then  has  man  gained  the  high  station 
which  he  occupies  ?  The  answer  is  simply — by  his 
Reason .  Man  has  been  created  a  reasonable  being ;  and 
this  endowment  amply  compensates  to  him  for  the  want 
of  the  animal  requisites  of  strength — for  deficiency  of 
natural  covering — and  for  his  restricted  ability  in  assimi¬ 
lating  his  food.  By  his  reason,  he  is  enabled  to  command 
the  strength  of  the  elephant :  to  choose  from  every  pro¬ 
duction  of  nature  whatever  is  adapted  for  his  clothing, 
and  thus  to  array  himself  according  to  his  pleasure,  or  the 
exigencies  of  the  climate  in  which  he  resides ;  to  extract 
wholesome  nourishment  from  the  most  unpromising,  even 
from  the  most  deleterious  articles.  There  was  no  neces¬ 
sity,  therefore,  why  man  should  himself  be  as  unwieldy  as 
an  elephant ;  or  be  encumbered  with'  any  vesture  that  in 
some  situations  might  be  oppressive ;  or  be  able  to  digest, 
without  culinary  preparation,  any  coarse  and  intractable 
substances.  Thus,  mere  animal  endowments  not  being 
requisite ;  the  Creator’s  wisdom  has  been  displayed  in 
another  manner,  and  with  a  wider  scope.  In  further¬ 
ance  of  His  design,  He  has  limited  the  bulk  of  the  human 
species  to  that  happy  medium,  combining  strength  with 
convenience  ;  and  to  an  organization  delicate  and  sensi¬ 
tive  in  the  highest  degree,  but  nevertheless  accommodating, 
He  has  superadded  a  form  at  once  peculiar,  appropriate, 
and  beautiful ! 

When  speaking  of  temperate  climates,  we  remarked, 
that  they  seemed  to  be  characterized  by  the  utility  of  their 
productions;  and  that  the  plants  and  animals  of  these 
climates,  generally  possessed  greater  powers  of  accommo¬ 
dation  than  the  plants  and  animals  of  either  of  the  ex¬ 
treme  climates.  Now  Man,  by  an  express  arrangement  of 
his  Maker,  has  apparently  been  constituted  a  native  of 
temperate  climates  ;  and  only  in  these  climates  can  his 
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powers  be  said  to  be  completely  developed.  Within  the 
tropics,  indeed,  human  existence  is  flourishing;  for  there 
the  immediate  bounty  of  Providence  affords  to  man  a 
copious  and  admirably  adapted  nutriment.  Yet  in  the 
midst  of  that  profusion,  and  without  any  adequate  motive 
to  call  forth  exertion,  the  reason  of  man  too  often  lan¬ 
guishes  ;  while  his  animal  tendencies  predominate ;  and 
his  life  is  spent  in  apathy  and  in  sensual  gratifications. 
On  the  other  hand,  under  the  cheerless  sky  of  the  frigid 
zone,  imperfectly  nourished  by  scanty  and  unsuitable  food, 
the  powers  of  his  mind,  like  those  of  his  body,  are  stunted; 
or  are  engaged  solely  in  combating  the  rigours  of  his 
situation.  But  in  the  temperate  parts  of  the  earth,  the  evil 
consequences  of  both  those  extremes  are  avoided,  while  the 
beneficial  influences  of  climate  remain.  Urged  by  the 
stimulus  of  necessity,  and  at  the  same  time  having  at  his 
command  the  astonishing  capability  of  nature,  man  is,  in 
temperate  climates,  surrounded  by  motives  of  every  kind ; 
and  his  faculties  thus  attain  their  utmost  developement. 
As  familiar  examples  of  the  effect  of  this  expansion  of  the 
human  reason,  let  us  view  man  under  the  three  aspects  to 
which  we  have  before  alluded ;  namely,  with  reference  to 
his  strength  ;  his  food ;  and  his  clothing ,  inclusive  of  his 
habitation . 

In  the  first  place,  with  regard  to  his  strength.  The 
strength  of  man  is  not  only  that  which  is  his  own,  almost 
infinitely  magnified  by  ingenious  mechanical  devices  of 
every  kind,  and  of  every  degree,  up  to  the  stupendous 
agency  of  steam ;  man  has,  moreover,  subdued  to  his  ser¬ 
vice  many  of  the  larger  animals,  while  those  he  cannot  so 
appropriate,  he  destroys.  As  weapons,  he  wields  every 
instrument  offensive  and  defensive,  from  the  rude  but 
effective  club  or  arrow,  to  the  warlike  engines  to  which 
he  has  applied  the  discovery  of  gunpowder.  Whatever 
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liis  wants  require,  he  obtains  by  tools ;  from  the  humble 
spade,  to  that  perfection  of  machinery,  which  almost  rivals 
the  operations  of  intelligence  itself. 

In  the  next  place,  view  man  with  reference  to  his  food : 
what  wonders  has  not  his  reason  enabled  him  to  achieve 
among  the  fellow  inhabitants  of  his  own  temperate  cli¬ 
mate  !  In  the  vegetable  kingdom,  let  us  consider  the 
astonishing  mutations  and  increase  of  the  cerealia ,  or  corn 
tribes  ;  the  transformation  of  the  sour  and  forbidding  Crab 
into  the  rich  and  fragrant  Apple;  of  the  harsh  and  astringent 
Sloe  into  the  delicious  Plum ;  of  the  coarse  and  bitter  sea 
side  Brassica  into  the  nutritious  and  grateful  Cauliflower  : 
all  which  changes,  and  numerous  others  of  a  like  kind,  have 
been  effected  by  man.  Nor  have  the  transformations 
which  he  has  produced'  among  animals  been  less  wonder¬ 
ful  than  those  among  vegetables.  All  the  numerous  va¬ 
rieties  of  cattle,  of  sheep,  of  horses,  of  dogs,  of  poultry, 
and  of  all  the  other  animals  reared  as  food,  or  for  any  pur¬ 
pose  domesticated,  have  sprung  from  a  few  wild  and  unat¬ 
tractive  species ;  and  have  been  made  what  they  are,  in  a 
great  degree,  by  his  intervention.  Moreover,  the  most 
useful  of  these  varieties  of  animals  have  been  transported 
by  man  into  every  region  of  the  globe,  to  which  he  has 
himself  been  able  to  penetrate. 

Lastly,  in  the  clothing  and  habitations  of  man,  the  sur¬ 
passing  influence  of  his  reason  is  equally  conspicuous.  For 
covering  his  naked  body,  a  surface  of  considerable  extent 
is  necessary ;  larger,  indeed,  than  is  presented  by  any 
natural  texture,  unless,  perhaps,  by  the  skins  of  animals  of 
great  bulk,  or  by  the  leaves  of  some  plants ;  which  there¬ 
fore,  in  the  rudest  states  of  society,  usually  constitute  his 
only  dress.  But  by  the  art  of  weaving ,  he  has  been  en¬ 
abled  to  produce  garments  of  any  size,  and  from  materials 
which  would  seem  the  least  fitted  for  such  conversion. 
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Thus  man  can  not  only  clothe  himself  in  any  manner,  and 
according  to  the  temperature  of  the  climate  in  which  he 
lives ;  but  he  can  associate  with  the  articles  of  his  dress 
every  species  of  ornament  his  fancy  may  dictate.  His 
choice  of  materials  for  the  construction  of  dwellings  is  not 
less  extensive  than  for  his  clothing.  As  climate  and  other 
circumstances  may  require,  he  abides  in  the  humble  cabin  ; 
or  in  the  splendid  palace :  in  the  temporary  hut ;  or  in 
the  enduring  castle,  formed  to  withstand  alike  the  tempest 
of  war,  and  of  the  elements. 

Such  is  man,  and  such  are  a  few  of  those  great  changes 
in  this  world,  which,  under  the  guidance  of  his  reason,  he 
has  had  the  power  to  accomplish.  And  what  a  splendid 
evidence  of  design,  and  of  preconcerted  arrangement  on 
the  part  of  the  great  Creator,  is  thus  exhibited,  by  view¬ 
ing  the  inherent  properties  of  matter,  and  its  various  con¬ 
ditions,  with  reference  to  the  works  of  man.  Had  water, 
for  instance,  not  been  constituted  as  it  is ;  man  could 
never  have  formed  the  steam  engine.  Had  not  the  pro¬ 
ductions  of  the  temperate  climates  been  formed  with  that 
capability  for  change,  by  which  they  are  so  much  distin¬ 
guished  ;  man  could  never  have  moulded  them  to  his  uses, 
by  altering  their  character.  There  was  no  reason  why 
such  properties  should  have  been  communicated ;  there 
was  even  no  reason  why  the  objects  in  which  these  pro¬ 
perties  exist,  should  have  been  created.  But  they  have 
been  so  created ;  and  what  are  we  to  infer  ?  No  one 
surely  will  now  maintain,  that  the  objects  of  nature  pos¬ 
sessing  these  properties,  have  been  the  result  of  chance, 
or  have  been  created  without  an  end.  They  must,  there¬ 
fore,  have  been  created  with  design  ;  and  if  with  design — 
most  obviously  with  design  having  reference  to  the  being 
man,  not  yet  in  existence. 
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Thus  far  we  have  considered  the  state  at  which  the 
earth  has  arrived,  and  man,  an  animal  endowed  with 
reason,  placed  as  its  chief  inhabitant.  But  we  may  yet 
extend  our  view  to  the  prospects  in  futurity. 

We  have  seen  that  this  earth  has  not  suddenly  emerged 
from  chaos  to  its  present  condition  ;  but  that  by  a  succes¬ 
sion  of  violent  and  disruptive  changes,  it  has  -been  pro¬ 
gressively  brought  into  different  conditions,  and  progres¬ 
sively  tenanted  by  higher  orders  of  beings.  We,  the  last 
of  the  series,  in  our  own  creation  and  in  the  faculties  with 
which  we  have  been  endowed,  behold  the  most  striking 
exemplification  of  the  wisdom  and  of  the  power  of  the 
Deity.  But  does  the  great  design  abruptly  terminate 
here  ?  Has  this  earth  arrived  at  the  ultimate  stage  of 
its  existence?  Have  its  inhabitants  attained  the  utmost 
perfection  of  which  they  are  capable  ?  Are  there  not 
further  convulsions,  and  still  higher  orders  of  beings  in 
contemplation  ?  The  answers  to  these  questions  are 
known  only  to  the  great  Author  of  the  universe,  and  con¬ 
cern  us  not.  There  is  one  question,  however,  connected 
with  this  subject,  in  which  we  are  deeply  and  personally 
interested — What  is  to  become  of  man  ?  Is  the  being 
who,  surveying  nature,  recognises  to  a  certain  extent,  the 
great  scheme  of  the  universe ;  but  who  sees  infinitely  more 
which  he  does  not  comprehend,  and  which  he  ardently 
desires  to  know ;  is  he  to  perish  like  a  mere  brute — all 
his  knowledge  useless ;  all  his  most  earnest  wishes  ungra¬ 
tified?  How  are  we  to  reconcile  such  a  fate  with  the 
wisdom — the  goodness, — the  impartial  justice — so  strik¬ 
ingly  displayed  throughout  the  world  by  its  Creator  ? 
Is  it  consistent  with  any  one  of  these  attributes,  thus  to 
raise  hopes  in  a  dependent  being,  which  are  never  to  be 
realized  ?  thus  to  lift,  as  it  were,  a  corner  of  the  veil — to 
show  this  being  a  glimpse  of  the  splendour  beyond— -and 
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after  all,  to  annihilate  him  ?  W itli  the  character  and  at¬ 
tributes  of  the  benevolent  Author  of  the  universe,  as  de¬ 
duced  from  His  works,  such  conceptions  are  absolutely 
incompatible.  The  question  then  recurs — What  is  to  be¬ 
come  of  man  ?  That  he  is  mortal,  like  other  animals,  sad 
experience  teaches  him ;  but  does  he,  like  them,  die  en¬ 
tirely  f  Is  there  no  part  of  him,  that,  surviving  the 
general  wreck,  is  reserved  for  a  higher  destiny  ?  Can 
that,  within  man,  which  reasons  like  his  immortal  Creator — • 
which  sees  and  acknowledges  His  wisdom,  and  approves 
of  His  designs,  be  mortal  like  the  rest  ?  Is  it  probable, 
nay,  is  it  possible,  that  what  can  thus  comprehend  the 
operations  of  an  immortal  Agent,  is  not  itself  immortal  ? 

Thus  has  reasoned  man  in  all  ages ;  and  his  desires  and 
his  feelings,  his  hopes  and  his  fears,  have  all  conspired 
with  his  reason,  to  strengthen  the  conviction,  that  there 
is  something  within  him  which  cannot  die.  That  he  is 
destined,  in  short,  for  a  future  state  of  existence,  where  his 
nature  will  be  exalted,  and  his  knowledge  perfected ;  and 
where  the  great  design  of  his  Creator,  commenced  and 
left  imperfect  here,  will  be  completed. 


i 


■r’ 


BOOK  III. 

FUNCTION  OF  DIGESTION: 

COMPRISING  A  SKETCH 


OF  THE  CHEMISTRY  OF  ORGANIZATION. 


« 

. . . 


CHAPTER  I. 


OF  THE  COMPOSITION  AND  NATURE  OF  ORGANIZED  BODIES 

IN  GENERAL  ;  AS  COMPARED  WITH  INORGANIC  MATTERS. 

Having  in  the  foregoing  pages  given  a  summary  view 
of  the  chemical  properties  of  bodies  not  organized,  and 
of  the  laws  of  their  union;  having  also  considered  the 
!  general  relations  of  inanimate  matter  and  organized  beings, 
on  the  great  scale  in  which  they  are  offered  to  us  by  na¬ 
ture,  together  with  the  present  position  and  future  pros¬ 
pects  of  man  ;  we  now  proceed,  in  the  last  place,  to  inquire 
more  particularly  into  the  nature  of  organization  ;  and 
for  this  purpose  shall  give  a  short  account  of  those  che¬ 
mical  properties,  and  laws  of  union,  by  which  organized 
beings  are  distinguished  from  inorganized  matters. 

“  A  living  being  considered  as  an  object  of  chemical 
research,  is  a  laboratory,  within  which  a  number  of  che¬ 
mical  operations  are  conducted  ;  of  these  operations  one 
chief  object  is  to  produce  all  those  phenomena,  which 
taken  collectively  are  denominated  Life ;  while  another 
chief  object  is  to  develope  gradually  the  corporeal  machine 
or  Laboratory  itself,  from  its  existence  in  the  condition 
of  an  atom,  as  it  were,  to  its  utmost  state  of  perfection. 
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From  this  point  of  utmost  perfection,  the  whole  begins  to 
decline  as  gradually  as  it  had  been  developed ;  the  opera¬ 
tions  are  performed  in  a  manner  less  and  less  perfect,  till 
at  length  the  being  ceases  to  live ;  and  the  elements  of 
which  it  is  composed,  again  set  free,  obey  the  general 
laws  of  inorganic  nature.”*  Such  is  the  history  of  organic 
existence ;  nor,  though  the  periods  of  developement  and 
of  decay  be  infinitely  varied  in  different  species,  does  a 
single  individual  remain  for  a  moment  stationary ;  but  all, 
sooner  or  later,  transcend  their  prime,  and  finally  share 
the  common  lot  of  dissolution. 

That  peculiar  principle  or  princijDles,  which  under  some 
condition  or  other,  exist  in  all  organized  beings,  and  by 
which  they  are  distinguished  from  inanimate  matter,  have 
received  various  appellations.  In  the  present  inquiry 
these  principles  are  viewed  as  agents;  and  to  discri¬ 
minate  them  from  Heat,  Electricity,  and  other  agents 
operating  on  inorganic  matters,  they  are  denominated 
Organic  Agents .  The  difficulty  of  our  investigations 
into  the  nature  of  these  principles  or  agents,  will  be 
much  lessened,  by  endeavouring  previously  to  have  a 
clear  understanding  of  what  these  agents  actually  do  ; 
and  of  what  they  cannot  do.  We  shall  therefore  treat  of 
the  subject  of  organized  bodies  under  the  two  following 
heads : — Section  I.  Of  Organized  bodies  considered  as 
Chemical  Compounds  ;  and  Section  II.  Of  the  nature  of 
Organic  Agents. 


*  Berzelius  Traite  de  Chimie,  tom.  v.  p.  1. 
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Section  I. 

Of  Organized  Bodies  considered  as  Chemical  Compounds. 

In  their  decided  forms,  no  two  things  perhaps  can  be 
conceived  to  offer  a  stronger  contrast,  than  the  two  great 
divisions  of  organized  bodies — vegetables  and  animals. 
Yet  the  forms  of  these  two  kinds  of  bodies  so  gradually 
approximate,  and  seem  even  to  coalesce,  that  it  is  not 
possible  to  say  where  the  one  ends  and  the  other  begins. 
The  same  remark  applies  to  the  chemical  composition  of 
vegetables  and  animals.  Vegetable  substances,  in  general, 
contain  essentially  no  more  than  three  constituent  elements, 
Hydrogen ,  Carbon ,  and  Oxygen  ;  while  animal  substances 
usually  involve  a  fourth,  Azote.  Yet  there  are  many 
vegetable  substances,  of  whose  composition,  azote  forms  a 
considerable  part;  while  certain  animal  substances  are 
entirely  devoid  of  azote.  It  is  obvious,  therefore,  that 
the  mere  chemical  composition  of  a  substance,  at  least 
its  consisting  of  three  or  of  four  constituent  elements, 
will  not  enable  us  to  determine  whether  the  sub¬ 
stance  be  vegetable  or  animal ;  and  that,  in  many  in¬ 
stances,  when  this  point  happens  to  be  doubtful  or  un¬ 
known,  we  must  have  other  data  before  we  can  form  a 
conclusion. 

Besides  the  four  constituent  elements,  of  which  all 
organized  substances  are  varied  compounds ;  other  in¬ 
gredients  generally  enter  into  their  composition.  These 
other  ingredients  are  in  very  minute  quantity,  and  are  not 
so  essential  to  the  existence  of  organized  substances,  as  the 
four  constituent  elements  above  named ;  yet,  however 
minute  the  quantity,  the  influence  of  these  other 
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ingredients  seems  to  be  very  great ;  they  are,  Sul¬ 
fur,  Phosphorus,  Chlorine,  Fluorine,  Iron,  Potassium, 
Sodium,  Calcium,  Magnesium ,  and  probably  more  besides. 
These  ingredients  have,  by  most  chemists,  been  deemed 
extraneous,  or  foreign  to  organized  bodies;  but  we  shall 
presently  show,  that  there  is  good  reason  to  believe,  that 
the  office  of  such  additional  ingredients,  though  different 
from  that  of  the  four  constituent  elements,  is  nevertheless 
most  remarkable. 

These  four  constituent  elements  of  organized  bodies, 
along  with  the  additional  ingredients,  are,  in  the  present 
state  of  our  knowledge,  alike  denominated,  The  Ultimate 
Elements  of  organized  bodies ;  but,  for  sake  of  distinction, 
hydrogen,  carbon,  oxygen,  and  azote,  may  be  termed, 
the  Essential  elements ;  and  sulfur,  phosphorus,  &c.  the 
Incidental  elements  of  such  bodies. 

The  combinations  of  ultimate  elements  with  one  ano¬ 
ther,  according  to  certain  laws,  produce  what  are  denomi¬ 
nated  the  Immediate,  or  Proximate  Elements  of  organized 
bodies.  Of  such  proximate  elements,  Sugar ,  Oil,  Albu¬ 
men,  &c.  are  familiar  examples. 

We  shall  adhere  to  these  distinctions  in  the  following 
pages. 

Perhaps  it  may  be  stated  as  a  general  law,  that  no  sub¬ 
stance,  entering  into  the  composition  of  a  living  plant  or 
animal,  is  so  pure  as  to  be  capable  of  assuming  a  regularly 
crystallized  form.  Instead,  therefore,  of  being  defined  by 
straight  lines  and  angles,  almost  all  solid  organized  sub¬ 
stances  are  more  or  less  rounded,  and  their  intimate 
structure  is  any  thing  but  crystallized.  The  composition 
of  organized  fluids  is  equally  heterogeneous  ;  and  though 
the  basis  of  nearly  every  one  of  such  fluids  is  water,  many 
of  them  contain  a  variety  of  other  matters. 

Organized  substances  may  be  arranged  under  two 
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j  general  classes; — a.  Substances  consisting  of  proximate 
elements ,  which  though  they  do  not  crystallize ,  while  in  the 
living  plant  or  animal ,  caa  yet ,  by  various  processes ,  be  so 
far  separated  from  extraneous  matters ,  as  to  be  obtained 
in  a  state  of  purity ,  and  thus  be  made  to  assume  the  crystal¬ 
lized  form ;  and  b.  Substances  generally  consisting  of 
proximate  elements ,  which  cannot  under  any  circumstances 
be  made  to  crystallize. 

For  the  sake  of  comparative  illustration,  we  shall  de¬ 
scribe  a  few  of  the  more  remarkable  crystallizable  and 
uncry  stall  izable  proximate  elements  of  which  plants  and 
animals  consist. 

The  proximate  elements  of  plants ,  taken  in  the  widest 
acceptation  of  the  term,  are  probably  as  numerous  as  the 
i  plants  themselves ;  so  that  any  attempt  to  enumerate 
them  here  would  be  quite  impracticable.  A  few  of  these 
proximate  elements,  however,  are  so  abundant,  and  so 
generally  present  in  vegetable  productions,  that  they  par¬ 
ticularly  claim  our  notice. 

The  peculiar  proximate  principles  of  plants  we  shall 
notice  may  be  divided  into  three  great  classes  : — 1.  Prox¬ 
imate  vegetable  elements  arising  from  the  combination 
of  hydrogen  and  oxygen  with  carbon,  in  the  same  propor¬ 
tion  that  constitutes  water ;  2.  Proximate  vegetable 

elements  in  which  oxygen  predominates ;  and  3.  Proximate 
vegetable  elements  in  which  hydrogen,  or  rather  hydrogen 
and  carbon  predominate.  Of  these,  the  first  class  is  the 
most  important,  and  will  chiefly  occupy  our  attention. 

Besides  these  three  great  classes  of  proximate  vegetable 
elements,  there  are  others  which  contain  azote :  and  some  of 
these  proximate  elements  containing  azote,  will,  from  their 
intermediate  nature  between  vegetable  and  animal  mat¬ 
ters,  require  particular  description.  Many  of  the  other 
proximate  vegetable  elements  containing  azote,  frequently 
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exhibit  weak  alkaline  powers.  Such  are  the  peculiar 
proximate  elements  of  Opium  and  other  Narcotics :  also 
of  Cinchona  ;  and  a  variety  of  others,  chiefly  employed  in 
medicine. 

1.  Of  the  three  great  classes  of  proximate  vegetable  ele¬ 
ments,  the  first,  as  we  have  said,  requires  our  especial  at¬ 
tention,  from  including  the  Saccharine  and  Amylaceous 
matters,  so  extensively  used  as  food  by  man  and  animals. 
Their  chemical  composition  is  distinguished  by  the  pro¬ 
portion  of  the  hydrogen  and  oxygen  they  contain,  which 
is  the  same  as  in  water.  Of  this  class,  the  saccharine 
proximate  elements,  strictly  so  called,  generally  crystallize ; 
the  amylaceous  proximate  elements  never  crystallize.  As 
examples  of  the  crystallizable  proximate  elements  belong¬ 
ing  to  this  class,  we  shall,  in  the  first  place,  select  the 
principal  varieties  of  sugar. 

a.  Crystallizable  proximate  elements .  Sugar . — Che¬ 
mists  are  acquainted  with  several  varieties  of  sugar  de¬ 
rived  from  different  sources.  We  shall,  however,  confine 
our  attention  to  the  three  most  important  varieties,  viz,, 
cane  sugar ;  the  sugar  of  grapes ,  and  of  fruits  in  general ; 
and  the  sugar  of  milk. 

Cane  Sugar ,  the  common  sugar  of  commerce,  is  chiefly 
produced  by  the  well-known  sugar-cane.  It  exists  also 
in  the  beet  and  other  roots,  of  which,  on  that  account, 
large  quantities  are  grown  in  France  and  other  coun¬ 
tries.  An  excellent  sugar  is  also  obtained,  for  domestic 
use,  from  a  species  of  maple,  common  in  North  America. 

The  sugar  of  grapes  constitutes  the  sweet  principle  of 
grapes,  and  probably  of  fruits  in  general.  Grape  sugar 
differs  from  cane  sugar,  in  being  less  sweet  and  less  soluble 
in  water.  It  also  crystallizes  with  difficulty,  and  its  che¬ 
mical  relations  are  different  from  those  of  cane  sugar. 
Cane  sugar,  as  well  as  Starch  and  Lignin  to  be  presently 
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described,  can  be  converted  into  the  sugar  of  grapes ;  but 
we  cannot  invert  the  process,  and  convert  the  sugar  of 
grapes  into  cane  sugar. 

The  sugar  of  milk ,  as  its  name  implies,  exists  in  the 
milk  of  animals.  It  is  much  less  sweet,  and  soluble  in 
water,  than  cane  sugar ;  and  in  its  chemical  relations,  is 
altogether  different  both  from  cane  sugar  and  from  the 
sugar  of  grapes. 

These  three  varieties  of  sugar  have  been  ascertained, 
and  are  now  generally  admitted,  to  consist  of  three  essen¬ 
tial  constituent  elements — hydrogen,  oxygen,  and  carbon;  in 
all  these  varieties  the  hydrogen  and  the  oxygen  having  to 
each  other  exactly  the  proportion,  in  which  they  form  water. 
It  has  been,  therefore,  with  great  probability  inferred,  that 
these  two  elements  are  really  so  associated  in  these  varie¬ 
ties  of  sugar  ;  consequently,  that  these  sugars  are  all  com¬ 
pounds  of  water  and  carbon ;  or,  in  the  language  of 
Chemists,  Hydrates  of  Carbon.  We  cannot,  however, 
produce  artificially  either  these  sugars,  or  any  other  or¬ 
ganized  compound,  by  directly  combining  their  elements ; 
because  we  cannot  bring  the  elements  together,  precisely 
in  the  requisite  states  and  proportions.  Still,  there  is  no 
doubt,  that  if  the  elements  could  be  so  brought  together, 
the  compounds  thence  resulting,  would  be  the  same  as  the 
natural  compounds.  For,  as  we  shall  afterwards  endeavour 
to  show,  organic  agents  do  not  change  the  properties  of 
the  elements ;  but  simply  combine  them  in  modes  which 
we  cannot  imitate. 

Vinegar  is  another  well  known  proximate  element, 
which  not  only  forms  crystallized  compounds  readily, 
with  many  other  bodies ;  but  in  its  most  concentrated 
state,  is  itself  also  crystallized.  Now,  it  is  not  less  worthy 
of  note  than  in  the  case  of  sugar,  that  vinegar,  altogether 
so  different  from  sugar  in  its  properties,  is  generally  con- 
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sidered  to  be  precisely  analogous  in  its  composition ;  that 
is  to  say,  vinegar  is  a  binary  compound  of  carbon  and  water; 
but  the  proportions  of  carbon  and  water  are  different 
from  the  proportions  that  form  sugar.  There  is,  however, 
a  characteristic  distinction  between  these  two  substances, 
inasmuch  as  vinegar  does  not  exist  ready  formed  in  vege¬ 
tables  but  is  always  produced  artificially;  not  indeed,  any 
more  than  sugar,  by  directly  associating  its  elements ;  but, 
by  the  process  of  fermentation,  and  by  other  means,  this 
acid  may  be  formed  from  sugar,  and  from  the  allied  sub¬ 
stances  to  be  presently  mentioned.  Yet  we  cannot  work 
backwards,  and  by  any  artificial  process  again  form  sugar 
from  vinegar ;  though  organic  agents  seem  to  possess  this 
power,  as  we  shall  more  particularly  have  occasion  to 
notice. 

The  Lactic  acid  is  another  proximate  element,  con¬ 
sisting,  like  sugar,  of  carbon  united  with  hydrogen  and 
oxygen  in  the  proportion  in  which  they  form  water.  The 
lactic  acid  differs  altogether  from  vinegar  in  its  properties ; 
but  like  vinegar  is  usually  obtained  artificially  not  from 
cane  sugar,  but  from  the  sugar  of  milk,  and  from  other 
sources.  Many  of  the  compounds  of  lactic  acid  readily 
crystallize. 

b.  N on-cry  stallizable  proximate  elements.  We  now 
proceed  to  consider  the  composition  of  a  totally  dif¬ 
ferent  class  of  substances,  which  under  no  circumstances, 
natural  or  artificial,  ever  assume  the  crystallized  form; 
and  the  structure  of  which,  in  the  common  and  strict 
sense  of  the  term,  may  be  said  to  be  organized.  The 
well  known  proximate  elements,  starch ,  lignin ,  and  gum , 
are  the  chief  of  these  non-crystallizable  or  organized  sub¬ 
stances  of  vegetable  origin ;  on  each  of  which  we  shall 
offer  some  brief  remarks. 

Starch. — The  proximate  element  of  plants,  denominated 
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Starch ,  is  obtained  in  slightly  modified  states,  from  a  great 
ij  variety  of  vegetables,  but  principally  from  the  seeds  of 
j  the  Cerealia.  Even  by  the  unassisted  eye,  starch  is 
seen  to  be  composed  of  minute  particles  ;  which  when 
examined  with  a  microscope,  are  found  to  be  granules 
more  or  less  rounded,  without  any  apparent  trace  of 
crystallization;  but,  on  the  contrary,  having  a  distinctly 
organized  structure.  These  granules  are  conceived  to  be 
moulded  in  the  cellules  of  the  texture  by  which  they  are 
<  formed  ;  for  it  would  appear  that  the  state  of  the  granules 
when  first  secreted  and  deposited  in  the  cellules,  is  semi- 
j  fluid ;  and  that  the  excess  of  water  is  subsequently  re- 
I  moved.  Raspail  and  Dumas  have  shown  that  each  of 
these  little  grains  is  covered  with  a  peculiar  striated 
J:  integument,  not  affected  by  water  at  the  common  tempe¬ 
ratures  ;  within  which  integument  is  enclosed  a  substance 
rather  more  soluble.  According  to  some  chemists,  this 

I  interior  substance  has  an  analogy  with  gum  ;  but  probably 
it  is  only  a  variety  of  amylaceous  matter,  or  rather,  as 
some  suppose,  it  is  the  true  proximate  amylaceous  element ; 
the  external  integument  being  an  organized  membrane 
having  an  entirely  different  composition. 

Berzelius  affirms  that  starch,  when  burnt,  leaves  about 
;  *23  per  cent,  of  residuum,  consisting  entirely  of  the  phos- 
i  pliates.  But  when  this  residuum  is  abstracted  and  allowed 
for,  the  essential  composition  of  starch  is  found  to  coincide 
very  nearly  with  the  essential  composition  of  sugar ;  that 
is  to  say,  starch  is  composed  of  carbon  and  water ;  and  the 
proportions  of  these  constituents  are  very  nearly  the  same 
as  in  sugar. 

Lignin ,  or  the  woody  fibre,  though  assuming  a  great 
variety  of  appearances  in  different  plants,  and  including 
very  different  incidental  matters ;  nevertheless,  in  all 
those  plants  in  which  it  has  yet  been  examined,  is 
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found  to  possess  very  nearly  the  same  essential  composi¬ 
tion  :  Lignin  consists  of  about  equal  weights  of  carbon  and 
of  water.  Such,  at  least,  is  the  composition  of  woods,  so 
very  different  as  the  Box  and  the  Willow,  the  Oak  and 
the  Beech.  Hence,  it  is  perhaps  not  unreasonable  to 
suppose,  that  every  variety  of  Lignin  has  a  similar  compo¬ 
sition.  All  woods,  when  burnt,  leave  a  greater  or  less 
quantity  of  incidental  mineral  residuum,  in  the  shape  of 
ashes ;  the  nature  of  which,  as  above  observed,  differs 
exceedingly  in  different  sorts  of  wood. 

Gum  is  another  non-cystallizable  proximate  element 
of  vegetables,  best  exemplified  by  the  well-known  Gum 
Arabic.  Gums  derived  from  different  sources  vary  mate- 
terially  in  their  appearance  and  properties,  though  the 
essential  composition  of  all  the  varieties  of  gum,  that 
have  been  examined  appears  to  be  similar ;  i.  e.  they  con¬ 
sist  of  carbon  united  to  hydrogen  and  oxygen  in  the  same 
proportion  as  in  water.  Gum,  like  starch  and  Lignin, 
when  burnt,  leaves  more  or  less  mineral  residuum. 

2.  The  second  class  of  proximate  vegetable  elements  to 
be  noticed  are  those  in  which  oxygen  predominates. 
This  class,  like  the  saccharine,  is  very  numerous ;  and 
the  characteristic  property  of  the  greater  portion  is  acidity. 
When  pure,  they,  for  the  most  part,  readily  crystallize  or 
form  crystallized  compounds.  The  citric  or  lemon  acid ; 
the  malic  or  apple  acid ;  and  the  oxcdic  or  sorrel  acid ,  are 
familiar  examples. 

3.  The  third  class  of  proximate  elements  includes  those 
in  which  the  hydrogen  and  carbon  predominate  over  the 
oxygen,  and  is  common  both  in  vegetables  and  animals. 
Such  proximate  elements  have  usually  an  oily  or  fatty 
character.  Oleaginous  bodies  are  sub-divided  into  fixed 
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and  volatile  oils,  and  occur  in  an  infinite  variety  of  forms, 
some  being  fluid,  others  solid;  yet,  in  every  instance,  their 
peculiar  oleaginous  properties  are  so  strongly  marked, 
that  we  seldom  hesitate  about  their  nature.  In  this 
distinctness  of  outward  appearance  oily  substances  are 
strongly  contrasted  with  the  class  of  saccharine  substances ; 
many  of  which  have  few  apparent  and  sensible  properties 
in  common. 

As  an  instance  of  a  fixed  oleaginous  vegetable  sub¬ 
stance,  we  may  mention  olive  oil  Olive  oil,  as  is  well 
known,  becomes  partially  solid  at  low  temperatures — 
a  property  illustrative  of  the  composition  of  oleagi¬ 
nous  matters  in  general,  The  portion  of  olive  oil 
solidified  by  cold  readily  crystallizes,  and  is  denominated 
margarine ,*  while  the  portion  of  the  oil  unaffected  by 
the  cold  is  teimed  oleine.  In  ordinary  fats,  as  mutton  suet , 
a  third  proximate  principle  usually  exists,  to  which  has 
been  applied  the  name  of  Stearine ,  from  its  solid  condi¬ 
tion  at  common  temperatures.  Stearine,  margarine,  and 
oleine  exist  in  different  fixed  oils  in  very  different  propor¬ 
tions.  In  those  natural  fixed  oils  which  retain  their 
fluid  state,  at  common  temperatures,  oleine  is  usually  the 
chief  component ;  while  in  oleaginous  matters  exhibiting 
the  solid  form  under  similar  temperatures,  stearine  and  mar¬ 
garine  are  the  most  abundant  elements.  Train  oil , 
hogs  lard ,  suet ,  &c.,  are  instances  of  fixed  animal  oils, 
having  these  opposite  characters. 

Volatile  oleaginous  substances  are  usually  remarkable  for 
their  strong  odour.  Many  of  these  odours  are  among  the 
most  agreeable  we  experience,  as  the  odours  of  flowers  ; 
others  are  equally  the  reverse.  Volatile  oils,  like  fixed 

*  Or  as  some  suppose,  the  solidified  portion  is  a  chemical  compound 
of  margarine  and  oleine. 
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oils,  are  found  of  every  degree  of  consistence  between 
liquid  and  solid ;  and  many  of  them,  like  fixed  oils,  are 
also  easily  separable  by  cold  into  a  fluid  and  a  solid  por¬ 
tion.  The  volatile  oils  approximate  to  resins  in  their 
character,  and  some  of  them,  on  exposure  to  the  air,  gra¬ 
dually  becomes  resinous. 

Many  oleaginous  bodies  both  fixed  and  volatile  appear 
to  consist  of  certain  compounds  of  carbon  and  hydrogen,  and 
particularly  of  olefiant  gas,  united  with  water  in  various  pro¬ 
portions.  Some  volatile  oils,  as  the  oil  of  turpentine,  do 
not  contain  oxygen.  Oleaginous  bodies  in  general,  as  they 
exist  in  living  plants  and  animals,  do  not  crystallize.  But 
as  we  have  said,  they  may,  by  purification  and  analysis,  be 
readily  separated  into  their  crystallizable  components. 

The  proximate  elements  >  from  animals ,  like  those  from 
vegetables,  are  very  numerous.  Proximate  animal  ele¬ 
ments,  however,  differ  from  the  three  classes  of  proximate 
elements  •  before  described : — first,  in  containing  a  fourth 
constituent,  azote ;  and,  secondly,  in  being  usually  all  in 
the  highest  sense  of  the  term  organized ,  and  incapable, 
under  any  circumstances,  of  assuming  the  crystallized 
condition. 

The  four  principal  proximate  animal  elements  claiming 
our  especial  notice  may  be  considered  as  modifications  of 
one  only,  which  may  be  termed  the  albuminous  element. 
They  are  gelatine,  albumen,  (properly  so  called ,)  fibrin,  and 
caserne ;  of  these  four  proximate  animal  elements,  caseine 
is  distinguished  from  the  others  by  being  a  product  of 
secretion.  These  proximate  elements,  though  retaining 
their  essential  characters,  are  subject  to  endless  minor 
variations,  according  to  the  organized  structures  by  which 
they  are  produced.  Most  vegetables  contain  in  small 


PROXIMATE  ELEMENTSOFANIMALS.  GELATINE.  ALBUMEN.  373 

quantities,  proximate  elements  to  be  presently  noticed, 
nearly  allied  to  albumen,  fibrin,  and  caseine . 

Gelatine  and  albumen. — When  any  part  of  an  animal 
body,  (with  the  exception  perhaps  of  matters  entirely 
oleaginous,)  is  boiled  in  water,  what  is  so  boiled  is  sepa¬ 
rated  into  two  portions, — one  portion  soluble  in  water, 
and  forming  with  the  water  a  tremulous  jelly,  or  gelatine — 
the  other  portion  remaining  insoluble,  indeed  becoming 
harder,  the  longer  it  is  boiled  ;  and  termed  albumen. 

Gelatine  and  albumen  exist  in  very  different  proportions 
in  the  different  textures  ;  some  of  these  textures,  as  the 
skin,  being  almost  entirely  convertible  into  gelatine ; 
while  other  textures  yield  comparatively  little  gelatine, 
and  consist  principally  of  albumen.  In  no  animal  com¬ 
pound  does  gelatine  exist  as  a  fluid  :  hence,  gelatine  has 
been  supposed  to  be  produced  by  boiling ;  but  the  suppo¬ 
sition  does  not  appear  to  be  well  founded.  Gelatine  may 
be  considered  as  the  least  perfect  kind  of  albuminous 
matter  existing  in  animal  bodies;  intermediate,  as  it  were, 
between  the  saccharine  element  of  plants,  and,  thoroughly 
developed  albumen  :  indeed,  gelatine  may  be  said  to  be 
the  counterpart  of  the  saccharine  element. 

A  familiar  and  characteristic  instance  of  albumen, 
from  which  indeed  the  name  is  taken,  is  the  albumen  ovi,  or 
white  of  egg.  Albumen  exists  also  in  the  liquid  state  as 
a  component  of  the  blood.  Albumen  is  distinguished  by 
the  well-known  property  of  becoming  coagulated  or  solid 
by  heat ;  and  in  such  coagulated  or  solid  condition,  this 
proximate  element,  as  has  been  already  stated,  forms  a 
large  part  of  the  fabric  of  animals. 

Fibrin  is  found  in  the  blood  and  muscles  of  animals, 
of  which  it  constitutes  the  chief  ingredient. 
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Caserne ,  or  the  curd  of  milk,  is  another  modification  of 
the  albuminous  principle.  Caseine  is  found  in  the  milk 
of  animals,  of  which  it  may  be  said  to  be  the  peculiar 
characteristic.  In  recent  milk  caseine  exists  in  a  state  of 
perfect  solution,  and  unlike  albumen,  will  admit  of  the  boil¬ 
ing  temperature  without  becoming  solid,  or  coagulating . 
A  very  minute  quantity,  however,  of  almost  any  acid,  as 
is  well  known,  will  separate  the  caseine  from  milk  in  the 
solid  form.* 

We  have  reserved  for  this  place,  where  more  likely  to  be 
understood,  a  few  remarks  on  certain  proximate  elements, 
to  which  we  have  before  alluded,  as  existing  in  vegetables  ; 
and  which,  from  their  close  analogy  with  the  animal  albu¬ 
minous  elements,  constitute  a  sort  of  connecting  link 
between  vegetables  and  animals. 

Vegetable  Albumen . — The  juices  obtained  by  pressure 
from  the  leaves  of  almost  all  plants,  when  purified  and  ex¬ 
posed  to  the  boiling  temperature,  yield,  in  greater  or  less 
proportion,  a  flocculent  deposite,  which,  when  collected 
and  dried,  is  found  to  have  a  composition  and  properties 
almost  identical  with  the  composition  and  properties  of 
coagulated  albumen  from  animals. 

*  An  attempt  has  been  recently  made  to  show  that  albumen,  fibrin, 
and  caseine  contain  a  certain  common  fundamental  proximate  element, 
to  which  the  name  of  Proteine  has  been  given.  That  such  a  common 
proximate  element  may  be  derived  from  albumen,  fibrin,  and  caseine,  is 
not  denied.  Viewed  indeed  in  connexion  with  organization  and  life, 
the  supposition  that  some  common  proximate  element  adapted  for  ulte¬ 
rior  changes  exists  in  animal  bodies  is  very  probable  ;  and  accords  well 
with  the  simplicity  of  natural  operations.  But  that  a  substance 
obtained  like  proteine  by  the  rude  and  disorganizing  processes  of  com¬ 
mon  chemistry,  should  be  that  common  proximate  element ;  or  that 
such  a  substance  should  ever  be  employed  at  all  in  vital  operations 
without  undergoing  the  preliminary  assimilating  processes,  is  more  than 
at  present  we  are  disposed  to  admit. 
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Vegetable  Fibrin.  When  wheaten  flour,  previously 
formed  into  a  paste,  is  exposed  to  the  action  of  a  jet  of 
water,  so  a  to  remove  entirely  the  farinaceous  matter,  a 
tough  tenaceous  substance  remains,  which  was  formerly 
termed  gluten.  According  to  recent  researches,  this  glu¬ 
tinous  substance  is  divisible  into  two  portions,  one  of 
them  having  a  composition  and  properties  closely  analogous 
to  animal  fibrin,  and  hence  the  term  vegetable  fibrin  by 
which  it  is  now  usually  designated  by  chemists.  The  term 
gliadine  has  been  given  to  the  remaining  portion,  which 
is  peculiar  to  wheat.  Vegetable  fibrin  is  found  in  the 
seeds  of  all  the  cerealia ,  as  well  as  in  many  other  seeds  and 
vegetable  productions ;  but  the  seeds  of  wheat,  of  which 
it  constitutes  nearly  ten  per  cent.,  far  surpass  all  other 
vegetable  substances  in  the  proportion  of  vegetable  fibrin 
they  contain,  and  hence  the  superiority  of  wheaten  bread 
as  an  aliment. 

Vegetable  Caseine .  Peas,  beans,  and  the  seeds  of  other 
leguminous  plants ;  also  almonds,  nuts,  & c.,  besides  small 
portions  of  vegetable  albumen  and  fibrin,  contain  also 
a  principle  strongly  resembling  animal  caseine  both  in 
composition  and  properties.  To  this  vegetable  caseine , 
such  seeds,  doubtless,  partly  owe  their  characteristic 
property  of  forming  milky  compounds  or  emulsions  with 
water. 

W e  mentioned  that  besides  the  four  constituent  pri¬ 
mary  elements  of  which  vegetable  and  animal  products 
consist,  all  organized  proximate  elements  contain  likewise 
certain  minute  portions  of  other  primary  elements,  which 
for  distinction  we  termed  incidental  elements.  These 
incidental  elements  of  organized  proximate  elements  now 
claim  our  attention. 

The  incidental  inorganic  elements  found  in  plants  and 
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animals  were  formerly  much  disregarded  by  chemists. 
Many  years  ago,  however,  circumstances  drew  our  atten¬ 
tion  to  the  subject,  and  we  became  satisfied  that  so  far 
from  being  unimportant,  the  presence  of  these  incidental 
inorganic  elements  was  actually  necessary  to  the  exist¬ 
ence  and  development  of  plants  and  animals.  Later  ob¬ 
servations  have  confirmed  the  accuracy  of  this  opinion  ;  and 
for  some  time  past,  (indeed  even  to  the  present  time,)  the 
subject  has  occupied,  much  of  the  attention  of  physiologists. 
The  nature  of  this  treatise  precludes  details,  but  a  few 
examples  for  illustration  may  not  be  deemed  irrelevant. 

It  seems  to  be  satisfactorily  ascertained  that  in  plants 
and  animals,  primary  inorganic  elements  exist  in  at  least 
two  conditions : — First,  alkaline,  and  alkaline  earthy 
bases  are  associated  with  certain  acid  proximate  elements 
peculiar  to  plants  and  animals.  Secondly,  incidental 
primary  inorganic  elements  are  associated  or  incorporated 
with  the  essential  primary  elements  of  which  vegetables 
and  animals  are  composed,  in  modes  at  present  unknown. 

An  instance  of  the  first  mode  of  association  of  in¬ 
organic  elements  in  plants  and  animals,  is  the  potash 
in  the  juice  of  grapes;  which  in  association  with  the 
proximate  vegetable  acid,  the  tartaric  acid ,  forms  the 
well-known  cream  of  tartar ,  encrusting  wine  casks.  In 
many  plants,  potash,  lime,  &c.,  are  associated  with  the 
malic,  oxalic,  and  other  proximate  acid  elements  of 
vegetables ;  and  it  is  remarkable  that  in  the  same  plants, 
and  sometimes  even  in  all  the  individuals  belonging  to  the 
same  natural  family  of  plants,  the  same  or  similar  saline 
compounds  are  met  with ;  thus  forming  a  characteristic 
feature  in  the  composition  of  the  plant,  and  at  the  same 
time  showing  the  necessity  of  their  presence  in  its  eco¬ 
nomy.  Among  animal  substances  presenting  an  association 
of  inorganic  elements,  we  may  mention  the  soda  found  in 
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connexion  with  certain  proximate  elements  of  the  bile,  and 
imparting  to  that  fluid  its  well-known  soapy  character. 

The  second  mode  of  existence  of  inorganic  primary 
elements  in  plants  and  animals,  is  shewn  in  the  minute 
residue  left  after  their  combustion,  and  constituting 
the  ashes  of  plants  and  animals.  The  ashes  of  plants 
and  animals  of  course  include  the  alkaline  and  earthy  bases, 
associated  with  their  proximate  acids,  when  such  are  pre¬ 
sent  ;  but  those  incidental  primary  elements,  to  which  we 
here  more  especially  allude,  usually  consist  of  various  earthy 
compounds  in  very  minute  proportion,  as  compared  with 
the  entire  bulk  of  the  organized  product.  The  most  fre¬ 
quent  of  such  compounds  are  the  phosphates  of  mag¬ 
nesia  and  of  lime,  and  alkaline  and  earthy  sulfates ; 
either  alone  or  mixed  with  the  carbonates  of  potash 
and  soda;  silex,  the  oxide  of  iron,  &c.  To  some  of 
these  compounds  we  shall  have  occasion  to  revert  in 
subsequent  chapters.  In  the  mean  time  we  may  observe 
that  between  these  two  well-marked  varieties  of  inciden¬ 
tal  primary  elements  in  plants  and  animals,  there  are  innu¬ 
merable  intermediate  grades,  so  that  the  two  varieties  may 
be  probably  considered  as  gradually  running  into  each 
other. 


For  the  sake  of  clearness,  we  have  drawn  out  an  abstract 
of  the  composition  of  some  of  the  proximate  organic  ele¬ 
ments,  which  will  be  found  in  Table  III. in  the  Appendix; 
to  this  abstract  the  reader’s  attention  is  directed  before 
perusal  of  the  following  observations.* 

*  To  avoid  controversy,  we  have  given  the  most  recent  analytic  results 
with  which  we  are  acquainted.  As  approximate  results  they  serve  to  illus¬ 
trate  the  objects  we  have  in  view  ;  though  we  much  doubt  whether  any  one 
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A  cursory  inspection  of  this  table  shows  us  how  nearly 
crystallizable  and  non-crystallizable  proximate  vegetable 
elements  agree  in  their  composition  ;  also  that  the  appa¬ 
rent  differences  arise  solely  from  the  variable  proportions 
of  water  contained  in  each,  the  proportion  of  carbon  being 
supposed  to  remain  the  same  ;  and  from  the  presence  in 
the  non-crystallizable  or  organized  proximate  elements  of 
minute  quantities  of  mineral  incidental  primary  elements. 
Thus  grape  sugar  differs  from  cane  sugar  by  containing 
less  water,  the  proportion  of  carbon  being  in  both  alike  ; 
while  starch  differs  from  cane  sugar,  by  containing  also  less 
water,  but  in  addition  about  *23  per  cent,  of  the  earthy 
phosphates.  Gnm  differs  from  milk  sugar  like  starch  from 
cane  sugar,  by  containing  less  water,  and  by  the  presence 
of  certain  incidental  mineral  matters  in  small  proportion. 
Vinegar  appears  to  have  no  corresponding  principle  among 
non-crystallizable  proximate  elements ;  but  in  lactic  acid 
and  in  lignin  or  the  woody  fibre,  the  proportions  of  carbon 
and  water  are  absolutely  identical ;  and  the  great  contrast 
in  the  properties  of  the  two  proximate  elements  must 
depend  on  the  modes  in  which  the  primary  constituent 
elements  are  associated  ;  and  on  the  minute  proportions  of 
incidental  mineral  primary  elements  always  existing  in 
every  variety  of  wood. 

We  have  drawn  the  attention  of  the  reader  to  these 
facts  in  order  to  facilitate  the  following  inquiries  naturally 
suggested  by  them: — First.  As  to  the  general  modes 
in  which  the  primary  elements  are  associated  in  vegetable 
and  animal  proximate  elements,  and  the  influence  of  water 
more  especially  in  modifying  all  organized  proximate  ele¬ 


ct  these  analyses  can  be  considered  as  representing  the  true  composition 
of  an  organized  proximate  element.  See  Fowne’s  Manual  of  Elementary 
Chemistry,  page  359. 
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ments ;  secondly.  As  to  the  influence  of  incidental  mine¬ 
ral  elements  in  modifying  organized  proximate  elements  ; 
and,  thirdly.  As  to  the  changes  which  cannot  be  effected 
by  organic  agency ;  and  the  general  modes  by  which  or¬ 
ganic  processes  are  accomplished. 

First.  With  regard  to  the  modes  in  which  primary  ele¬ 
ments  are  associated  in  organized  proximate  elements,  the 
reader  will  remember  our  former  general  proposition — 
that  as  chemical  forces  are  only  two  polar  forces,  the  im¬ 
mediate  composition  of  all  chemical  compounds  must  be 
binary.  With  inorganized  compounds  this,  we  believe,  is 
generally  admitted;  but  organized  proximate  elements  have 
been  usually  supposed  to  be  formed  on  different  principles  ; 
in  other  words,  the  constituent  molecules  of  organized  prox¬ 
imate  elements,  have  been  considered  to  be  real  ternary 
and  quaternary  aggregates,  in  which  the  chemical  forces 
of  the  three  or  four  primary  elements  of  which  they  con¬ 
sist  mutually  balance  each  other,  without  regard  to  binary 
arrangement.  We  cannot  accede  to  this  opinion.  Three 
or  four,  or,  indeed,  any  number  of  masses  in  motion  may 
be  conceived  to  form  a  system,  and  to  revolve  round  a 
common  centre  of  gravity.  But  such  an  arrangement  has 
no  analogy  with  the  statical  constitution  of  a  proximate 
organized  molecule,  the  primary  constituent  molecules  of 
which  are  at  rest.  Controversy  on  the  point,  however, 
would  be  out  of  place  here;  and  we  shall  simply  state 
that  view  which  we  have  long  entertained,  and  which  we 
conceive  to  be  nearest  the  truth. 

In  treating  of  the  forces  of  Homogeneity  in  the  first 
part  of  this  volume,  we  entered  on  the  subject  rather 
more  fully  than  usual ;  because  we  thought  the  influence 
of  those  forces  by  which  similiar  molecules  of  matter  are 
associated  and  separated,  were  much  underrated.  But 
if  they  have  been  underrated  in  inorganic  chemistry, 
they  are  much  more  underrated  in  the  chemistry  of  or- 
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ganization ;  where  the  forces  of  Homogeneity  appear  to 
exert  an  influence  little  short  of  the  forces  of  Hetero¬ 
geneity.  This  predominance  of  the  forces  of  Homoge¬ 
neity,  in  organized  products  doubtless  arises  from  the 
peculiar  properties  of  the  primary  constituent  elements  of 
such  organized  proximate  elements,  in  which  primary 
constituent  elements,  the  forces  of  Homogeneity  are  very 
remarkable.  Thus  instead  of  6,  the  assumed  weight  of 
the  primary  molecule  of  carbon ;  in  most  proximate  com¬ 
pounds  of  vegetable  and  animal  origin  the  weight  of  the 
molecule  (or  rather  super-molecule)  of  carbon  is  12,  18, 
24,  &c. ;  that  is,  two,  three,  four,  &c.,  of  the  primary 
molecules  of  carbon  are  associated  together  by  the  forces 
of  Homogeneity  into  groups  or  super-molecules  having 
such  atomic  weights.  The  same  is  true  not  only  of 
the  other  primary  elements  of  organized  molecules, 
but  of  water ,  and  of  various  compounds  of  primary 
elements ;  as  we  shall  have  occasion  to  notice  presently. 
Now  it  is  a  generally  admitted  fact,  that  the  higher  the 
atomic  or  combining  weight  of  a  molecule,  whether  that 
molecule  be  a  primary,  or  a  super-molecule,  the  weaker  are 
its  chemical  relations.  In  the  super-molecules  of  carbon 
and  of  the  other  primary  elements  entering  into  the 
composition  of  organized  proximate  elements,  the  forces 
of  Homogeneity  must  therefore  often  surpass  in  intensity 
the  forces  of  Heterogeneity.  But  the  forces  of  Homoge¬ 
neity  diminish  in  intensity,  and  probably,  like  the  forces 
of  Heterogeneity,  at  length  become  evanescent,  as  the 
weight  of  the  supermolecule  increases ;  and  hence  one 
source  of  the  comparative  instability  of  all  organized 
compounds.* 

*  If  the  assumption  be  admitted  that  chemical  forces  are  exerted  only 
at  the  poles  of  molecules,  while  homogeneous  forces  are  exerted  over 
their  whole  superficies ,  we  may  urge  an  obvious  reason  for  the  predomi¬ 
nance  of  the  forces  of  homogeneity  in  certain  molecules. 
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To  illustrate  the  forces  of  Homogeneity,  we  shall  make 
a  few  observations  on  the  crystallizable  substances  whose 
composition  is  given  in  Table  III. 

Water  enters  into  the  composition  of  most  organized 
bodies  in  two  separate  forms,  which  forms  must  be  clearly 
distinguished,  and  borne  in  mind  by  the  reader.  Water 
may  constitute  an  essential  element  of  a  substance,  as  of 
sugar  in  its  dryest  states  ;  in  which  case  water  cannot  be 
disunited  from  the  other  elements,  without  destroying  the 
compound :  or  water  may  constitute  a  complementary  in¬ 
gredient  of  a  substance,  as  of  vinegar  in  its  crystallized 
state ;  in  which  case  more  or  less  of  the  water  may 
frequently  be  removed,  without  destroying  the  peculiar 
properties  of  the  compound.  Now,  a  very  large  number 
of  organized  bodies  (perhaps  all  those  to  which  our  pre¬ 
sent  inquiry  relates)  contain  water  in  both  these  forms  ; 
both  as  an  essential  element ,  and  as  a  complementary  ingre¬ 
dient  ;  and  in  most  instances,  it  is  impossible  to  discrimi¬ 
nate  between  the  water  which  is  essential,  and  that  which 
is  complementary.  The  mode,  however,  in  which  water 
is  associated  with  the  other  elements  of  bodies,  in  these 
two  states  of  combination,  must  be  altogether  different. 
Wherein  the  difference  consists,  is  imperfectly  known ; 
but,  from  the  explanation  we  shall  now  offer,  the  reader 
will  more  fully  understand  the  nature  of  these  two  modes 
of  union  :  perhaps  some  light  may  even  be  thrown  on  the 
causes  of  their  difference. 

Sugar  from  the  cane,  in  its  purest  state,  and  when  as 
free  as  possible  from  adhering  water,  is,  according  to 
the  present  language  of  chemists,  composed  of  24  atoms 
of  carbon  and  22  atoms  of  water.  Now7,  we  suppose  these 
24  atoms  of  carbon,  and  22  atoms  of  water,  to  be  associ¬ 
ated  into  two  supermolecules,  weighing  (24  x  6)  144, 
and  (22  x  9)  198,  respectively.  So  that,  we  conceive  a 
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molecule  of  sugar  from  the  cane  to  be  a  binary  compound, 
of  a  supermolecule  of  carbon  weighing  144,  and  a  super¬ 
molecule  of  water  weighing  198.  A  similar  statement 
may  be  given  of  the  composition  of  milk  sugar,  another 
of  the  saccharine  class  of  bodies.  Milk  sugar  appears 
to  consist  essentially  of  an  equal  number  of  atoms 
of  carbon  and  water,  and  may  be  said  to  be  composed  of 
24  atoms  of  carbon,  and  24  atoms  of  water;  or,  according 
to  our  views,  of  two  supermolecules  weighing  (24  x  6)  144, 
and  (24  x  9)  216  respectively.  Again,  grape  sugar, 
identical  with  the  sugar  of  honey  and  of  fruits  in 
general,  according  to  the  jrresent  language  of  chemists? 
is  composed  of  24  atoms  of  carbon,  and  28  atoms  of 
water ;  or,  according  to  our  view  of  molecular  arrange¬ 
ment,  grape  sugar  is  composed  of  two  supermolecules, 
one  of  them,  carbon,  weighing  144,  as  in  the  sugar  of 
the  cane  —  the  other,  water,  weighing  no  less  than 
(28  x  9)  252.  Hence  the  composition  of  these 
different  varieties  of  sugar  may  be  represented  in  the  fol¬ 
lowing  manner : — 


Water. 


Carbon. 


+  198  Cane  sugar. 

+  216  Milk  sugar. 

+  252  Grape  sugar. 


144 

144 

144 


This  molecular  constitution  of  the  saccharine  bodies, 
may  be  compared  with  the  molecular  constitution  of  acetic 


acid ,  or  Vinegar . 


According  to  the  present  language  of  chemists,  acetic 
acid  in  its  purest  and  most  detached  form,  is  composed 
of  4  atoms  of  carbon,  and  3  atoms  of  water ;  or,  accord¬ 
ing  to  our  views,  of  two  supermolecules  weighing  (4  x  6)  24, 
and  (3  x  9)  27,  respectively ;  while  crystallized  vinegar 
contains  the  same  proportion  of  carbon  with  one-third 
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more  of  complementary  water.  Thus,  the  molecular  con¬ 
stitution  of  these  two  different  forms  of  vinegar  may  be 
represented  as  follows 


Carbon. 


Water. 

+  27  Absolute  acetic  acid. 

+  36  Crystallized  or  solid  acetic  acid. 


24 

24 


We  have  stated  the  composition  of  acetic  acid,  in  order 
to  draw  the  attention  of  the  reader,  to  the  difference 
between  the  supermolecule  of  the  carbon  in  that  acid, 
and  the  supermolecule  of  the  carbon  in  saccharine  bodies ; 
a  difference  to  which  these  two  classes  of  bodies  probably 
owe  the  striking  differences  in  their  sensible  properties. 
But  why  the  supermolecule  of  carbon  should  be  144  in 
saccharine  bodies,  and  why  this  supermolecule  should  in 
general  exist  in  the  self-attractive  form,  and  produce 
sweetness ;  or  why  the  supermolecule  of  carbon  in  acetic 
acid  should  be  24,  and  why  this  supermolecule  should 
have  such  a  tendency,  as  it  exhibits,  to  assume  the  self- 
repulsive  form,  and  to  produce  sourness ;  we  do  not  know, 
and  probably  shall  never  be  able  fully  to  explain.  Still, 
there  can  be  little  doubt  that  a  careful  and  philosophical 
examination  of  the  phenomena,  would  go  far  to  dispel  the 
obscurity  in  which  the  subject  is  now  involved. 

Such  are  the  principles,  which  we  conceive  to  regulate 
the  chemical  union  of  organized,  and  indeed,  as  we  have 
said,  of  all  other  compounds ;  and  if  chemical  union  be 
so  regulated,  the  inferences  deducible  from  such  modes  of 
union  are  most  curious  and  important.  With  these  in 
general  we  have  at  present  no  concern:  but  the  in¬ 
ferences  more  particularly  relating  to  organized  proxi¬ 
mate  elements  are  the  following  : — 

1.  We  would  draw  the  attention  of  the  reader  to  the 
contrast  between  the  two  supermolecules  of  carbon,  and 
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of  water,  constituting  the  different  varieties  of  sugar; 
the  supermolecule  of  carbon  being  uniform  throughout 
the  whole  saccharine  class,  while  the  supermolecule  of 
water  is  that  which  is  variable.*  Now,  there  is  reason  to 
believe  that  this  contrast  holds  in  other  instances  ;  that 
in  different  organized  jiroximate  elements  of  the  same 
kind,  the  supermolecule  of  carbon,  or  of  some  of  its  com¬ 
pounds,  remains  the  permanent  and  characteristic  ele¬ 
ment  ;  and  that  the  different  modifications  of  the  proxi¬ 
mate  elements  are  produced  by  variations  in  the  super¬ 
molecule  of  water;  which  may  be  called  the  modifying 
supermolecule. 

2.  The  manner  of  the  operation  of  the  modifying 
agency  may  be  thus  explained.  If  to  a  portion  of  cane 
sugar,  we  add  that  quantity  of  water,  which,  by  an  easy 
calculation,  we  learn  is  necessary  to  be  united  with  cane 
sugar,  in  order  to  its  conversion  into  milk  or  grape 
sugar ;  we  find  that  we  cannot  succeed  in  producing  such 
conversion  ;  and  that  the  excess  of  water  which  had  been 
added,  flies  off'  and  leaves  the  cane  sugar  in  its  original 
state.  On  the  other  hand,  if  we  apply  heat  to  milk  or 
grape  sugar;  though  we  may  indeed  drive  off  part  of 
the  water  essentially  associated  with  these  varieties  of 
sugar,  we  do  not  obtain  sugar  similar  to  cane  sugar ;  but 
we  destroy  or  altogether  decompose  the  milk  or  grape 
sugar.  These  facts,  therefore,  show  that  the  excess  of 
water,  constituting  the  difference  of  the  milk  and  grape 

*  In  the  former  editions  of  this  work,  published  so  long  ago  as  1834, 
the  composition  of  saccharine  bodies  was  stated  on  the  same  prin¬ 
ciples  as  they  are  now  given  iiyTable  III.,  i.  e.  the  proportion  of  carbon 
was  supposed  to  be  constant ,  while  the  proportion  of  water  only 
varied.  At  that  time  we  believe  such  views  of  the  composition  of 
saccharine  and  other  organized  compounds  were  peculiar  to  the  writer  of 
this  Treatise.  We  are  glad  to  see  they  have  now  been  adopted  by  others. 
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sugars  from  the  sugar  of  the  cane,  is  really  in  some  state 
of  essential  union,  incapable  of  being  imitated ;  while,  in 
the  cane  sugar,  the  water  may  exist  as  an  accidental 
ingredient  only.  In  truth,  according  to  our  views  of 
molecular  arrangement ;  every  individual  supermolecule  of 
water  in  the  weaker  sugar  contains  a  portion  of  this  ex¬ 
cess  of  water ,  as  an  essential  element  of  its  composition . 
Hence  such  water  cannot  be  separated  from  any  com¬ 
pound,  without  destroying  the  entire  crasis,  or  constitution, 
of  its  molecular  arrangement ;  which,  as  in  the  cases  of 
grape  and  milk  sugars,  we  find,  by  experiment,  to  be  the 
result.  On  the  other  hand,  we  suppose  that  the  molecules 
of  complementary  water  ,form  no  essential  constituent  of  the 
molecules  of  crystallized  vinegar, or  of  other  bodies;  but  that 
these  complementary  inolecules  of  water ,  exist  as  a  super¬ 
molecule  in  a  state  of  chemical  association  with  the  super- 
molecules  of  ivhich  vinegar  or  other  organized  proximate 
elements  consist ;  and  hence,  the  ease  with  which  comple¬ 
mentary  water  may  be  separated  without  destroying  such 
proximate  elements. 

3.  It  may  be  advanced  as  a  general  rule,  that  the 
larger  the  number,  representing  the  weight  of  the  super¬ 
molecule  of  any  organized  proximate  element ;  whether 
such  number  represent  the  characteristic,  or  the  modify¬ 
ing  supermolecule ;  the  more  easily  may  that  proximate 
element  be  decomposed.  In  like  manner,  when  water  is 
the  modifying  element  of  any  compound,  as  it  is  in  most 
organic  compounds  ;  the  larger  the  number  representing 
the  supermolecule  of  the  water  ;  the  greater,  for  the  most 
part,  is  the  solubility  of  the  compound. 

4.  There  are  at  present  no  chemical  terms  correspond¬ 
ing  to  those  differences  of  composition,  which  we  have 
brought  under  the  notice  of  the  reader.  Now,  the  terms 
strong  and  weak ,  which  in  commerce,  distinguish  the  dif- 
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ferent  varieties  of  sugar,  are  sufficiently  expressive ;  we 
shall,  therefore,  make  choice  of  them,  in  future,  to  denote 
the  similar  varieties  of  other  organized  compounds.  Thus, 
when  we  speak  of  a  strong  organized  compound  ;  we  mean 
that  its  constituent  supermolecules  are,  like  those  of 
strong  cane  sugar,  less  complicated  than  the  supermolecules 
of  a  weak  organized  compound,  like  those  of  grape  sugar. 
Again,  there  are  no  terms  expressive  of  the  conversion 
of  a  strong  into  a  weak  organized  compound,  or  the  con¬ 
trary.  To  express  such  conversion  we  shall  adopt  the 
terms  reduction ,  and  completion. 

In  the  above  illustrations  of  the  modifying  influence 
of  water,  we  have  selected  sugar  as  our  example ; 
solely  from  its  being  the  most  familiar.  But,  as  we 
have  more  than  once  noticed,  exactly  the  same  laws 
appear  to  regulate  the  composition  of  every  substance 
produced  by  organization.  Thus  in  the  strong ,  fixed,  and 
solid  oils  or  fats,  the  characteristic  supermolecule  of  which, 
as  we  have  already  said,  has  usually  some  relation  to 
olefiant  gas  ;  the  modifying  molecule  of  water  is  very 
small,  perhaps,  in  some  oily  substances,  is  even  a  submole¬ 
cule.  Whereas,  in  alcohol,  which  may  be  viewed  as  one  of 
the  weakest  conditions  of  the  oleaginous  class ;  the  weight 
of  the  modifying  supermolecule  of  water  is  more  than  half 
that  of  the  olefiant  gas,  and  alcohol  is  perfectly  soluble 
in  water. 

Gelatinous  and  albuminous  substances,  also,  exhibit 
precisely  the  same  variations.  The  strong  tenacious  glue, 
employed  in  the  arts,  is  made  from  the  firmer  parts  of  the 
hides  of  old  animals ;  wdiile  the  gelatinous  size,  or  weak 
glue,  is  made  from  the  skins  of  younger  and  more  delicate 
animals.  These  two  varieties  of  glue  differ  from  one 
another,  in  the  weights  of  the  modifying  supermolecules 
of  water  which  enter  into  their  composition.  In  general, 
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it  may  be  observed,  that  the  substances  composing’  the 
frame  of  old  and  of  young  animals,  differ  chiefly  in  the 
weights  of  their  modifying  supermolecules  of  water ;  and 
that  the  dissimilarity  of  their  properties,  is  chiefly  owing  to 
this  difference. 

If  the  reader  has  clearly  apprehended,  and  will  bear 
in  mind,  the  laws  which  have  now  been  stated,  as  regu¬ 
lating  the  chemical  constitution  of  organized  proximate 
principles,  and  the  manner  in  which  all  organic  substances 
are  influenced  by  their  modifying  constituent,  water;  he 
will  be  able  to  accompany  us  in  the  observations  we  shall 
hereafter  offer  on  the  chemical  operations  of  the  stomach, 
and  other  processes  of  assimilation. 

Secondly.  We  proceed  to  examine  the  influence  of  in¬ 
cidental  mineral  elements  in  modifying  organized  proxi¬ 
mate  substances. 

We  have  more  than  once  alluded  to  the  circumstance, 
that  the  incidental  matters  existing  in  organized  bodies 
were  formerly  considered  as  foreign  :  but  that  we  never  ac¬ 
ceded  to  that  opinion.  W e  may  now  add,  that  the  peculiar 
properties  of  organized  proximate  substances,  as  well  as 
differences  at  first  view  so  mysterious,  observed  among 
bodies  of  the  same  essential  composition,  appear  to  us  to 
be  chiefly  owing  to  their  incidental  ingredients. 

We,  of  course,  are  ignorant  of  the  exact  conditions  in 
which  the  incidental  primary  elements  exist  in  organized 
products,  as  well  as  of  their  mode  of  operation ;  but  we 
can  form  plausible  conjectures  on  both  these  points. 

With  regard  to  the  conditions,  there  is  little  doubt 
that  incidental  elements  always  exist  in  organized  products 
in  their  most  energetic  and  elementary  forms ;  that  the 
lime  and  the  oxide  of  iron,  for  instance,  found  in  the  ashes  of 
vegetable  and  animal  substances  existed  in  the  original 
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substance,  as  calcium,  and  iron,  &c.  Nay,  there  is  every 
reason  to  believe  that  in  some  instances,  not  only  the 
molecules  of  compound  bodies,  as  of  water ,  but  also  the 
molecules  of  bodies  considered  at  present  as  elementary, 
are  divided  into  submolecules,  and  in  this  condition  of 
submolecule  constitute  the  incidental  ingredient. 

With  respect  to  the  modes  of  operation  of  incidental 
elements  in  organized  products,  we  can  imagine  them 
to  be  interposed  among  the  constituent  molecules  of 
organized  matter  in  a  state  of  strong  self-repulsion. 
This  opinion  is  founded  chiefly,  on  the  equal  diffusion 
of  these  incidental  primary  elements  throughout  the  or¬ 
ganized  substances  in  which  they  are  found ;  and  on 
the  consequent  great  distance  of  the  molecules  of  such 
primary  elements  from  each  other,  which,  perhaps,  can 
hardly  be  otherwise  explained.  If  these  incidental  ingre¬ 
dients  were  detached,  or  merely  in  a  state  of  mixture  with 
the  constituent  elements,  as  is  implied  in  the  notion  of 
their  being  foreign  ;  they  would  probably  retain  their  self- 
attractive  powers ;  and  instead  of  being  equally  diffused 
among  the  constituent  elements,  they  would  be  collected 
together  into  a  mass  or  crystal ;  an  arrangement  never 
observed.  For,  though  crystallized  bodies  are  found,  not 
unfrequently,  within  organized  substances ;  yet  these 
bodies  are  always  extraneous,  and  do  not  form  any  part  of 
the  living  structure ;  of  which,  the  primary  elements 
under  our  consideration  do  actually  appear  to  be  inte¬ 
grants. 

In  further  corroboration  of  the  opinion  now  adduced, 
as  well  as  of  the  supposed  activity  of  incidental  primary 
elements  in  organized  products,  we  may  direct  the  atten¬ 
tion  of  the  reader  to  the  beautiful  experiments  of  Sir  John 
Herscliel,  who  has  shown,  that  an  enormous  power,  (not 
less  than  50,000  times  the  power  of  gravity  !)  is  install- 
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taneously  generated  by  the  simple  agency  of  common  mat¬ 
ters  submitted  to  galvanic  influence ;  as,  for  example,  by 
the  agency  of  mercury  alloyed  with  a  millionth  part  of 
its  weight  of  Sodium.'*'  This  most  unexpected  fact,  places 
beyond  all  doubt,  the  efficiency  of  minute  quantities  of 
matter,  in  producing  the  most  extraordinary  change  of  the 
polarities  of  larger  quantities ;  and  at  the  same  time  ap¬ 
pears  to  throw  no  small  light  on  many  natural  operations. 

For  instance,  on  the  authority  of  this  fact  there  is 
nothing  improbable  in  the  supposition  that  each  molecule 
of  an  incidental  primary  element,  interposed  among  the 
constituent  elements  of  an  organized  substance,  may 
become  the  centre  of  physical  forces  of  such  intensity 
as  to  influence,  and  even  subvert,  the  ordinary  mole¬ 
cular  forces  of  the  constituent  elements,  and  (under  the 
control  and  direction  of  an  intelligent  organic  agent) 
to  cause  such  constituent  elements  to  assume  the  organ¬ 
ized  condition.  We  may  even,  perhaps,  go  a  step  further, 
and  conjecture  the  mode  in  which  organization  is  ef¬ 
fected.  The  earliest  condition  of  an  organized  molecule 
is  now  generally  admitted  to  be  a  minute  cell,  containing 
an  energetic  point  termed  its  nucleus ,  which  nucleus  ap¬ 
pears  to  be  the  germ  or  generator  of  the  cell.  Now  the 
nucleus  of  a  cell  may  be  supposed  to  contain  an  incidental 
primary  molecule  in  a  state  of  activity;  i.  e.  exerting  a 
little  sphere  of  force  ;  and  on,  and  by  the  aid  of  this 
minute  spheriodal  force,  there  is  no  great  difficulty  in 
conceiving  how  an  intelligent  organic  agent  may,  out  of 
the  surrounding  constituent  molecules,  mould  a  cell. 

Again,  the  peculiar  circumstances  attending  the  fermen- 


*  See  Philos.  Trans.  1824,  p.  162.  The  process  here  indicated  must 
be  accompanied  by  magnetic  (i.  e.  according  to  our  view,  of  Homoge¬ 
neous  phenomena). 
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tation,  and  rapid  spontaneous  decay  of  organized  products 
seem  to  owe  their  origin  chiefly  to  the  forces  exerted 
by  the  incidental  molecules  they  contain.  Life  extinct ; 
the  uncontrolled  forces  exerted  by  the  incidental  primary 
elements,  may  be  supposed  to  contribute  as  much  to  the 
destruction,  as  when  properly  controlled  and  directed, 
they  have  appeared  to  contribute  to  the  formation,  of  an 
organized  mass. 

Finally  ;  the  subtle  matters  of  contagion  and  miasmata ; 
various  medicinal  substances,  whose  effects  are  most 
astonishing  even  in  the  smallest  doses;  the  still  more 
recondite  matters  of  heat  and  of  light,  with  many  others, 
all  probably  act  on  similar  principles.  At  least,  the 
results  of  the  operation  of  these  matters  cannot  be  ex¬ 
plained  by  their  mere  quantity;  which,  in  the  ordi¬ 
nary  chemical  acceptation  of  the  term,  is  altogether  in¬ 
commensurate  with  the  evident  and  striking  changes, 
constantly  arising  in  the  processes  of  nature  from  such 
agencv. 

The  observations  which  have  now  been  offered,  are  in¬ 
tended  to  apply  to  all  the  material  elements  entering 
into  the  composition  of  a  living  organized  being.  For,  no 
one  element,  when  assimilated  to  a  living  body,  appears  to 
be  in  its  natural  state ;  or  to  be  capable  of  exerting  pre¬ 
cisely  those  powers  which  it  is  known  to  exert,  when  act¬ 
ing  in  virtue  of  its  original  inorganic  properties.  In 
short,  we  may  thus  recapitulate  what  has  been  said :  be¬ 
sides  the  essential  molecules  constituting  the  ground-work 
of  a  living  organized  being,  and  which  probably  exert  on 
each  other,  to  a  certain  extent,  the  ordinary  chemical  in¬ 
fluences  of  matter ;  it  would  seem  that  there  are,  at  the 
same  time,  diffused  throughout  the  whole  living  mass,  in 
exceedingly  minute  proportion,  various  other  matters,  the 
molecules  of  which  appear  to  be  in  a  condition  of  intense 
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activity  and  self-repulsion.  By  these  incidental  ingredients, 
it  would  farther  seem,  that  the  ordinary  chemical  proper¬ 
ties  of  the  essential  elements  of  the  organized  living 
structure  are  variously  modified ;  in  particular,  that  the 
essential  elements  are  hindered  from  assuming  a  regularly 
crystallized  form.  Moreover,  these  incidental  matters 
entering  into  the  composition  of  a  living  body,  apparently 
furnish  to  the  organic  agent  new  powers  utterly  beyond 
our  comprehension ;  which  powers  the  organic  agent  has 
been  endowed  with  the  ability  to  control,  and  direct,  in 
whatever  manner,  from  the  exigencies  of  the  living  organ¬ 
ized  being,  may  become  requisite. 

* 

Thirdly.  We  have  to  consider  those  changes  which 
cannot  be  effected  by  organic  agency ;  and  to  make  a  few 
remarks  on  the  modes  by  which  organic  processes  are 
accomplished. 

1.  With  regard  to  what  cannot  be  effected  by  organic 
agency,  we  may  observe,  in  the  first  place,  that  no  organic 
agent  has  the  power  either  of  creating  material  elements, 
or  of  changing  one  such  element  into  another. 

By  element,  it  may  be  right  to  premise,  is  here  meant, 
a  principle  which  is  not  made  up  of  others ;  and  which, 
consequently,  possesses  an  absolute  and  independent  exist¬ 
ence.  Whether  one,  or  more,  such  elements  exist,  it  is 
not  now  our  object  to  inquire.  The  astonishing  discove¬ 
ries  of  modern  chemistry  have  shown,  that  many  of  those 
substances,  formerly  considered  as  elements,  are,  in  fact, 
compounds  ;  and,  as  the  science  of  chemistry  is  still  pro¬ 
gressive,  it  is  probable,  that  with  the  enlargement  of  its 
boundaries,  there  will  be  a  still  further  diminution  of  the 
number  of  those  substances  which  are,  as  yet,  held  to  be 
simple.  Admitting,  however,  for  the  sake  of  argument, 
that  elementary  principles  do  exist:,  of  such  immutable 
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character  as  lias  been  supposed  ;  from  the  nature  of 
organized  beings,  at  least  of  all  animals,  it  is  impossible  to 
conceive,  that  any  organized  being  possesses  the  power 
either  of  creating  or  of  altering  these  elementary  princi¬ 
ples.  No  organized  being  has  an  independent  existence: 
all  animals  derive  their  support  from  previous  organi¬ 
zation  ;  which  might  be  otherwise,  did  they  possess  a 
creating  power:  nor  can  animals  be  nourished  by  any 
substances  indiscriminately;  as  they  ought  to  be,  were 
they  possessed  of  a  transmuting  power.  Yet,  while  it  is 
thus  denied  that  organized  beings  possess  the  power, 
either  to  create  or  to  change,  in  the  strict  acceptation  of 
these  terms;  it  has  been  admitted  to  be  exceedingly 
probable,  that  the  organic  agent  is,  within  certain  limits, 
qualified  to  compose  and  decompose  many  substances 
which  are  now  viewed  as  elements ;  and  that  the  organic 
agent  does  thus  apparently  form  and  transmute  these 
imagined  elements.  But  to  enter  further,  in  this  place, 
on  the  elucidation  of  these  obscurities  would  be  foreign  to 
our  present  purpose. 

2.  The  organic  agent  has  not  the  power  of  combining 
elements  in  such  a  manner,  that  the  properties  of  the 
resulting  compound,  shall  differ  from  the  properties  of  a 
compound,  formed,  from  the  same  elements  similarly  com¬ 
bined,  by  any  other  agent.  The  Deity  has  chosen  to  pre¬ 
scribe  limits  to  His  power,  and  to  establish  certain  laws,  to 
which  He  at  all  times  rigidly  adheres;  and,  again  adopt¬ 
ing  the  language  of  Paley,  “  when  a  particular  purpose  is 
to  be  effected,  it  is  not  by  making  a  new  law,  nor  by  the 
suspension  of  the  old  ones,  nor  by  making  them  wind,  and 
bend,  and  yield  to  the  occasion ;  but  it  is  by  the  interpo¬ 
sition  of  an  apparatus  corresponding  with  those  laws,  and 
suited  to  the  exigency  which  results  from  them,  that  the 
purpose  is  at  length  attained.”  In  the  instance  before 


COMPOSITION  OF  ORGANIZED  SUBSTANCES.  393 


us,  the  attainment  of  the  particular  purpose  of  organic  life 
is  effected,  not  by  any  departure  from  the  great  scheme, 
but  by  new  and  different  combinations.  To  suppose, 
therefore,  that  the  organic  agent  can,  for  example,  combine 
oxygen  and  hydrogen,  in  exactly  the  same  proportion,  and 
in  the  same  manner,  in  which  they  are  combined,  when 
they  exist  as  water;  and,  from  these  elements  so  com¬ 
bined,  can  yet  produce  something  different  from  water,  is 
contrary  to  all  reason,  and  would  be,  in  truth,  to  accuse 
the  Deity  of  subverting,  and  of  acting  in  opposition  to,  His 
own  laws. 

We  have  dwelt  the  more  strongly  on  these  points,  be¬ 
cause  among  physiologists  a  vague  notion  seems  to  have 
prevailed,  that  organic  agents  have  the  power,  not  only  of 
changing  the  inherent  and  peculiar  properties  of  bodies  ; 
but  likewise,  of  causing  the  results  of  their  combination 
to.be  altogether  different  from  the  results  which  are  pro¬ 
duced,  under  exactly  similar  circumstances,  by  inorganic 
agencv.  If  however  the  arguments  we  have  advanced 
be  well  founded,  this  notion  must  be  erroneous  ;  and  its 
erroneous  character  will  be  rendered  still  more  evident,  by 
the  observations,  we  shall  next  offer,  regarding  the  prin¬ 
ciples  on  which  the  operations  within  living  organized 
bodies  are  really  conducted. 

3.  The  means  by  which  organic  agents  accomplish  the 
purposes  for  which  they  are  designed,  may  be  naturally 
divided  into  two  kinds ;  those  means  which  are  dependent 
on  peculiarity  of  composition  and  of  structure  ;  and  those 
means  by  which  this  peculiarity  of  composition  and  of 
structure  is  produced. 

Enquiry  into  the  first  of  these  means  of  action  has 
already  been  in  a  great  degree  anticipated.  A  brief  reci¬ 
tal,  therefore,  is  all  that  is  here  necessary.  We  have  seen 
that  organized  substances  are  composed  of  the  same  ele- 


394 


CHEMISTRY  OF  ORGANIZATION. 


ments,  which  exist  abundantly  throughout  the  world  in 
the  inorganized  state ;  moreover,  that  these  elements  are 
subject  to  all  the  influences  and  agencies  of  inorganic 
matter.  We  have  seen  that  organic  agents  are  enabled 
to  form  certain  proximate  elements  by  variously  combining 
the  primary  elements  of  matter ;  which  proximate  ele¬ 
ments,  even  when  in  the  condition  of  crystals,  it  is  not 
possible  to  imitate  artificially.  We  have,  at  the  same 
time,  seen  that  these  proximate  elements,  though  they 
may  have  a  natural  tendency  to  crystallize,  are,  as  they 
usually  exist  in  living  bodies,  prevented  from  crystalliza¬ 
tion,  by  having  minute  quantities  of  various  primary  ele¬ 
ments  diffused  throughout  their  mass  ;  the  molecules  of 
which  primary  elements  are  in  some  unknown  state  of  ac¬ 
tivity  ;  such  perhaps  as  cannot  naturally  exist  in  the  uni¬ 
verse,  except  when  conjoined  with  organization.  Further, 
we  have  shewn,  that  the  differences  and  peculiarities  of 
these  minute  elementary  ingredients,  are  probably  adequate 
for  explaining  the  differences  and  peculiarities,  of  the 
sensible  and  chemical  properties  of  the  substances  which 
are  formed  by  organization. 

Having  thus  pointed  out  the  general  differences  of  com¬ 
position  existing  among  organized  bodies ;  it  remains  to 
state,  that  such  differences  of  composition  almost  invari¬ 
ably  indicate  differences  of  structure.  For  though  simi¬ 
larity  of  composition  does  not  necessarily  imply  similarity 
of  structure ;  yet  similarity  of  structure,  perhaps  without 
exception,  indicates  similarity,  or,  at  least,  analogy  of 
composition ;  and,  consequently,  similarity  of  action . 
Thus  the  woody  fibre  of  plants  is  always  formed  of  the 
substance  termed  Lignin,  and  never  of  resin,  or  of  albumen. 
The  relation  of  structure  to  chemical  composition  is  not 
less  striking  in  the  muscular  fibres  of  animals,  and  indeed 
in  all  organic  compounds  of  a  definite  character;  the  es- 
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sential  composition  of  such  substances,  though  exhibiting 
endless  minor  diversities,  being,  nevertheless,  in  all  in¬ 
stances,  precisely  the  same. 

Lastly,  the  means  by  which  that  peculiarity  of  composi¬ 
tion  and  of  structure  is  produced,  which  is  so  remarkable 
in  all  organic  substances,  are,  like  the  results  themselves, 
quite  peculiar;  and  bear  little  or  no  resemblance  to 
any  artificial  process  of  chemistry.  We  have  not  in 
artificial  chemistry,  any  control  over  individual  mole¬ 
cules  ;  but  are  obliged  to  direct  our  operations  on  a  mass, 
formed  of  a  large  collection  of  molecules.  The  organic 
agent,  on  the  contrary,  acting  with  an  apparatus  of  ex¬ 
treme  minuteness,  is  enabled  to  operate  on  each  individual 
molecule  separately;  and  thus,  according  to  the  object 
designed,  to  exclude  some  molecules,  and  to  bring  others 
into  contact.  In  these  processes,  it  may  be  conceived, 
that  the  molecules  thus  appropriately  brought  together, 
and,  at  the  same  time,  guarded  from  extraneous  influence 
bJ  the  organic  agent,  are,  in  virtue  of  their  own  proper 
affinities,  sufficiently  disposed  to  unite,  without  requiring 
that  any  new  properties  should  be  communicated  to 
them. 

Such  is  a  brief  sketch  of  what  organic  agents  do,  and 
of  what  they  cannot  do  ;  such  also  the  general  modes  of 
their  operation.  We  are  now  prepared  to  inquire  a  little 
more  closely  into  the  nature  of  organic  agents. 


39  G 


Section  II. 

Of  the  nature  of  organic  agents . 

The  intimate  nature  of  the  organic  agent ,  or  agents ,  or 
by  whatever  other  name  we  may  choose  to  designate 
the  peculiar  energies  which  exist  in  plants  and  in  animals, 
and  by  which  they  are  distinguished  from  inanimate  mat¬ 
ter  ;  is  now,  and  probably  will  ever  remain,  altogether 
unknown  to  us.  But  though  we  be  thus  ignorant  of  what 
these  agents  are ;  we  can  not  only  comprehend  with  tole¬ 
rable  certainty,  what  they  are  not ;  but  as  we  have  seen, 
we  can  also  in  some  degree  ascertain,  what  they  are 
capable  or  incapable  of  effecting. 

When  we  were  treating  of  inorganic  elements  and 
agencies,  and  of  the  laws  which  these  elements  and 
agencies  appear  mutually  to  obey,  we  found,  that  though 
their  nature  be  obscure,  and  the  investigation  of  them 
very  difficult ;  we  were  nevertheless  enabled  to  adduce 
some,  not  altogether  implausible,  conjectures  on  the 
modes,  in  which  the  elements  combine  to  form  regular 

o 

crvstals  and  the  other  conditions  of  inanimate  matter. 
Now  with  this  insight  into  the  nature  of  inorganic  opera¬ 
tions,  and  with  all  the  additional  know  ledge  of  every  kind 
we  can  command,  let  us  attentively  survey  the  most  simple 
plant  or  animal ;  let  us  observe  the  actions,  the  changes, 
the  modifications  of  form  and  properties  it  continually 
exhibits ;  and  then  let  us  seriously  ask  ourselves, 
whether  everything  we  know,  wall  enable  us  to  make 
even  an  approach,  toward  an  explanation  of  what  we  see- 
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It  is  indeed  true,  that  tlie  plant  or  animal  we  examine  is 
composed  of  charcoal  and  water,  and  of  other  ingredients 
with  which  we  are  equally  familiar;  that  it  is  liable  to  be 
affected  by  Heat,  Light,  Electricity,  and  by  other  inor¬ 
ganic  agents.  But  it  is  perfectly  ascertained  that  these 
elements  and  agents,  out  of  an  organized  body,  and  left 
entirely  to  themselves ,  never  would  or  could  unite,  either 
in  virtue  of  their  own  properties,  or  from  accident,  so  as 
to  form  any  plant  or  animal  however  insignificant.  Are 
we  not  then  compelled  to  infer,  that  within  a  plant  or 
animal,  there  exists  a  principle,  or  agent,  superior  to  the 
agents  whose  operations  we  witness  in  the  inorganic 
world  ;  and  which  agent  moreover  possesses,  under  certain 
restraints,  the  power  of  controlling  and  directing  the  opera¬ 
tions  of  these  inferior  agents  ?  That  this  is  a  natural  and 
a  just  inference,  no  one  who  calmly  views  all  the  circum¬ 
stances  will  ever  deny:  and  if  the  existence  of  one  such 
aerent  be  admitted,  the  admission  of  the  existence  of  others 
can  scarcely  be  withheld  ;  for  the  existence  of  one  only, 
is  quite  inadequate  to  explain  the  infinite  diversity  among 
plants  and  animals.  Thus,  in  the  words  of  the  excellent 
Pa  ley,  “  there  may  be  many  such  agents,  and  many  ranks 
of  them  in  other  words,  there  may  be  an  ascending  gra¬ 
dation  of  these  agents,  from  the  vital  agent  in  the  com¬ 
paratively  simple  plant,  onward  to  that  of  the  most  com¬ 
plicated  animal. 

Such  being  the  suggestions  concerning  organic  agency, 
which  arise  from  a  general  survey  of  organic  operations  ; 
let  us,  with  reference  to  the  further  bearing  and  tendency 
of  these  suggestions,  examine  more  in  detail  the  nature 
of  organic  agents,  and  the  modes  of  their  operation. 

To  enumerate  all  the  hypotheses  that  have  been  framed 
to  account  for  the  phenomena  of  vegetable  and  animal 
existence  would  be  foreign  to  our  purpose ;  we  shall  notice 
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therefore  only  a  few  of  the  most  remarkable  of  these  hy¬ 
potheses,  for  the  sake  of  contrast  and  illustration  in  stating 
our  own  views. 

The  chief  hypotheses  which  have  been  framed  to  account 
for  the  phenomena  of  vegetable  and  animal  existence 
may  be  classed  under  the  following  heads : 

The  hypothesis — that  the  lowest  kind  of  vitality ,  or  irri¬ 
tability  as  it  is  termed,  is  the  result  of  certain  aggregations  of 
inorganic  matters  ;  and  that  this  lowest  kind  of  vitality,  or 
irritability,  is  a  “  property,  which  when  acted  on  by  appro¬ 
priate  powers,  is  competent  to  give  rise  to  that  series  of 
actions  in  which  life  consists;”  in  other  words,  as  more  ex¬ 
plicitly  stated  by  an  advocate  of  this  hypothesis,  that  “  as 
one  specific  property,  namely,  irritability  or  vitality,  which 
is  common  to  organized  matter  in  general,  qualifies  it,  when 
subjected  to  appropriate  stimuli  to  manifest  those  ruder 
and  less  elevated  actions  which  constitute  life ;  so  other 
specific  properties  peculiar  perhaps  to  certain  forms  only 
of  such  matters,  may  qualify  them,  when  properly  acted 
upon,  to  display  those  more  delicate  and  dignified  actions, 
in  which  sensation  and  thought  respectively  consist.”* 

The  hypothesis,  nearly  related  to  the  preceding, — that 
the  phenomena  of  vitality  are  the  result  of  certain 
“  laws  of  developementf  originally  impressed  on  matter,  by 
which  in  course  of  time  organized  beings  have  been  gra¬ 
dually  raised  through  all  the  stages  of  existence,  from  the 
most  simple  to  the  most  complicated — for  instance,  that 
dogs  have  been  gradually  transformed  into  apes,  apes  into 
men,  &c. 

The  hypothesis — that  vital forces  or  agency  are  not  inde¬ 
pendent  forces,  but  forces  super  added  to,  and  in  some  way 
dependent  on  the  common  forces  of  matter  ;  and 

*  See  Rudiments  of  Physiology.  By  John  Fletcher,  M.D.  Part  I. 
page  1 1 . 
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Lastly,  the  hypothesis  of  organic  agents ,  i.  e.  of  inde¬ 
pendent  intelligent  agents ,  superior  to,  and  possessing  the 
faculty  of  directing  and  controlling  the  common  forces  of 
matter,  so  as  to  cause  these  forces  to  associate  material 
elements  into  the  organized,  instead  of  the  crystallized 
condition. 

Of  these  hypotheses  we  have  always  adopted  the  last, 
viz.,  the  hypothesis  of  organic  agents.  This  hypothesis, 
variously  modified,  is  not  only  the  most  ancient,  but  with 
some  reserve  and  under  different  disguises,  is  that  which 
is  most  generally  entertained  by  physiologists  to  the  pre¬ 
sent  time.  The  other  hypotheses  are  of  comparatively 
recent  origin,  and  have  been  more  or  less  exclusively 
maintained  by  certain  modern  physiologists. 

The  term  “  organic  agent,”  adopted  in  this  volume, 
always  implies  an  “  intelligent  agent”  ;  that  is  “  a  conscious 
being  possessing  knowledge,  will,  and  power.”*  Now,  in 
maintaining  that  intelligent  agents  are  resident  in  every 
organized  being,  we  seem  to  adopt  only  that  common  sense 
view  of  the  mat  ter  which  all  tacitly  admit  when  they  speak 
of  living  plants  or  animals.  The  hypothesis,  however,  enun- 


*  See  Book  I.  page  44.  To  prevent  misconception  we  shall  remind 
the  reader  of  the  meanings  attached  to  the  following  terms  : — 

Power  as  applied  to  an  intelligent  agent  (unless  otherwise  expressed) 
is  intended  to  convey  a  twofold  meaning,  viz.,  the  common  meaning  of 
'physical  force  or  power  ;  and  the  meaning  of  capacity  or  power  of 
wielding  physical  force.  No  ambiguity  can  arise  from  using  the  word 
in  this  double  sense,  as  the  two  things  intended  to  be  expressed  always 
coexist  in  an  intelligent  agent.  We  have  adopted  this  double  sense  to 
prevent  the  necessity  of  circumlocution,  or  the  introduction  of  a  new 
term. 

Organized  beings  include  plants  and  animals. 

Organic  agent  equivalent  to  intelligent  agent  (as  in  text.) 

Intelligent  being ,  as  opposed  to  intelligent  agent ,  is  intended  to  de¬ 
note  a  being  possessed  of  knowledge ,  but  without  power  or  will. 
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ciated  in  plain  terms  has  been  considered  to  present  so 
many  difficulties  that  whatever  be  their  private  opinion, 
few  have  openly  maintained  it.  We  shall  attempt  to 
show  that  the  difficulties  alluded  to,  are  more  apparent 
than  real,  and  that  the  hypothesis  is  less  at  variance  with 
the  truths  of  philosophy  and  of  religion  than  either  of  the 
hypotheses  above  enumerated. 

We  have  seen  that  plants  and  animals  are  distinguished 
from  inorganic  bodies  by  the  peculiarity  of  their  compo¬ 
sition.  That  is,  plants  and  animals  consist  of  material 
elements  associated  in  modes,  which  of  their  own  accord, 
and  under  the  natural  operation  of  their  own  laws,  mate¬ 
rial  elements  would  never  adopt.  We  say  of  their  own 
accord ,  because  we  admit  that  material  elements  and 
material  forces  properly  directed  are  fully  adequate  to 
produce  organized  beings  considered  as  mere  chemical 
compounds ,  without  assuming  the  agency  of  vital  forces. 
We  admit  also,  that  heat,  light,  electricity,  &c.,  are  con¬ 
stantly  influencing,  and  even  necessary  to  the  existence 
and  development  of  living  organized  beings.  But  these 
are  not  the  questions.  The  questions  are,  by  what 
agency  are  material  elements  appropriate  to  organization 
selected  in  preference  ?  by  what  agency  are  these  appro¬ 
priate  elements  so  brought  together ,  as  to  combine  into  or¬ 
ganized  bodies  ?  who  or  what  contrives ,  who  elaborates  all 
the  wonderful  mechanism  by  which  the  higher  organic 
processes  are  accomplished  ?  Have  we  not  in  these  ope¬ 
rations  clear  vestiges  of  a  will  to  choose  what  is  known  to 
be  fitted  for  a  particular  purpose — of  a  power  to  apply  what 
is  known  to  be  thus  fitted,  and  what  is  willed  to  be  applied 
to  such  purpose — in  short  all  the  requisites  of  intelligent 
agency  ? 

Those  who  contend,  that  material  forces,  or  any  assumed 
vital  forces,  can  do  all  these  things,  and  that  life  is  the 
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mere  result  of  their  being  done,  ox  of  organization,  must  con¬ 
tend  therefore,  for  the  position,  that  material  or  such  as¬ 
sumed  vital  forces  possess  intelligence ,  and  are  capable  of 
self-control.  We  leave  the  advocates  of  such  opinions  to 
make  the  best  they  can  of  their  argument ;  and  fearlessly 
assert,  in  opposition- — -that  material  forces,  as  fixed  by 
the  Creator,  are  never  suspended  or  changed  even  by 
Himself; — that  matter  and  material  forces  when  properly 
directed ,  are  fully  adequate  to  form  organized  bodies, 
thus  rendering  the  assumption  of  vital  or  any  other  forces 
unnecessary  ;  and  finally,  —  that  material  forces  fulfil  the 
will  of  the  Creator  in  organic  processes,  without  any 
knowledge  or  will  of  their  own  ;  and  are  mere  brute  forces, 
which  left  to  themselves,  so  far  from  forming  organized 
beings,  the  moment  vitality  ceases,  are  actively  employed 
in  destroying  organization. 

Seeing  then  that  organized  beings  from  the  lowest  to  the 
highest  are  formed  on  principles  essentially  different  from 
inorganic  compounds,  and  that  nothing  short  of  the  sup¬ 
position  of  an  active  intelligence  can  explain  organization; 
the  question  arises  — in  whom  or  in  what  is  this  intelligence 
vested  ?  That  this  intelligence  is  vested  in  the  great 
Source  of  all  knowledge  and  of  all  power,  we  do  not 
doubt ;  but  does  He  act  immediately  himself ;  or  medi¬ 
ately  through  the  intervention  of  delegated  existences  ? 
To  Him  as  Creator  the  questions  of  immediate  and  mediate 
agency  are  virtually  the  same;  but  we  agree  with  the 
excellent  Paley  in  thinking  that  the  mediate  agency  of 
the  Deity  is  in  general  most  in  accordance  with  natu¬ 
ral  operations.  That  having  “  fixed  certain  rules,  and  if 
we  may  so  speak,  provided  certain  materials,  He  after¬ 
wards  committed  to  other  beings,  out  of  these  materials, 
and  in  subordination  to  these  rules,  the  task  of  drawing 
forth  a  Creation.”  Nor  is  the  hypothesis  of  mediate 
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agency  in  any  way  derogatory  to  the  Deity,  but  the 
reverse ;  inasmuch  as  the  creation  of  an  intelligent  agent 
capable  of  accomplishing  His  purposes,  conveys  to  us  a 
more  exalted  notion  of  His  power,  than  the  accomplish¬ 
ment  of  His  purpose  by  Himself. 

Admitting  then  that  the  Deity  acts  through  the  inter¬ 
vention  of  delegated  existences,  and  that  neither  matter 
nor  material  forces,  nor  any  assumed  vital  forces  can  be 
supposed  to  possess  intelligence ;  we  are  driven  to  the 
assumption,  that  this  intelligence  is  vested  in  immaterial 
conscious  beings ;  in  other  words,  that  one  or  more  agents 
possessing  knowledge,  will,  and  power  exist  in  every 
organized  body  from  the  lowest  to  the  highest.*  In  its 
lowest  grade,  the  knowledge  and  operations  of  such 
agent  may  be  supposed  to  be  confined  to  the  properties  of 
the  material  elements  adapted  for  organization,  which  it 
has  the  knowledge  to  select,  and  the  power  to  form,  into  an 
apparatus  enabling  it  to  organize  other  matters  and  effect 
ulterior  purposes.  Where  the  operations  of  this  primary 
organic  agent  terminate,  those  of  another  and  higher  or¬ 
ganic  agent  may  be  supposed  to  begin  ;  which  by  carrying 
the  general  process  of  organization  a  step  further,  adapts 
the  organized  material  for  the  operations  of  a  third 
and  superior  agent.  Thus  each  new  agent  may  be 
supposed  to  possess  more  or  less  control  over  all  the 
agents  below  itself,  and  to  have  the  power  of  appropriating 
their  services,  till  at  length  in  the  combined  operations 
of  the  whole  series  of  agents  at  the  top  of  the  scale,  we 


*  The  intelligence  of  inferior  agents  is  usually  termed  instinct  to 
distinguish  it  from  reason ,  peculiar  to  man  ;  and  those  who  prefer  this 
term,  may  here  substitute  instinct  for  intelligence.  According  to  our 
view  s  instinct  and  reason  are  both  alike  intelligence ;  hut  intelligence 
differing  with  regard  to  its  object,  and  in  its  degree.  This  we  believe, 
is  now  a  common  opinion  among  philosophers. 
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reach  the  perfection  of  organic  existence.  As  we  have 
said,  the  excellent  Paley  sanctions  this  view  of  organic 
operations,  and  continues  in  the  following  words :  “We 
do  not  advance  this  as  a  doctrine  either  of  philosophy  or 
of  religion ;  but  we  say  that  the  subject  may  safely  be 
represented  under  this  view.” 

Having  stated  our  hypothesis  we  shall  shortly  consider 
its  difficulties  and  the  objections  that  have  been  urged 
against  it.  This  will  afford  us  an  opportunity  of  eluci¬ 
dating  some  other  points  connected  with  the  subject. 

Objectors  to  this  hypothesis  triumphantly  ask,  at  the 
outset,  what  is  an  organic  agent  ?  where  does  it  exist  ? 
what  are  its  properties  ?  And  the  inability  to  answer,  is 
in  their  estimation,  a  satisfactory  proof  of  the  absurdity  of 
the  hypothesis.  But  the  absurdity  lies,  not  in  assuming 
that  immaterial  agents  exist,  but  in  requiring  categorical 
predications  respecting  such  existences.  This  will  be, 
doubtless,  considered  an  evasive  answer ;  or  if  admitted, 
objectors  go  on  to  ask,  are  organic  agents  capable  of  a 
separate  existence  ?  or  do  they  perish  with  the  organized 
being  they  have  fabricated  ?  If  capable  of  a  separate  ex¬ 
istence,  putting  out  of  question  how  and  where ;  what 
is  to  be  said  of  their  numbers ,  both  in  kind  and  degree  ? 
Strictly  speaking,  these  questions  like  the  preceding,  and 
indeed  all  other  questions,  relating  to  immaterial  existences, 
are  beyond  our  powers  ;  but  as  much  that  is  erroneous 
has  been  said  and  written  on  these  and  allied  subjects,  we 
shall  briefly  notice  them — premising  again,  in  the  words 
of  Paley,  that  what  we  advance  is  not  to  be  considered  as 
doctrines  either  of  philosophy  or  of  religion,  but  as  assump¬ 
tions  not  opposed  to  either,  and  fairly  deducible  from 
natural  phenomena. 

First.  That  organic  agents  are  as  numerous  and  as 
varied  in  degree  as  organized  beings ;  and  that  they  have 
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a  distinct  existence  when  allied  with  matter  will  not,  we 
presume,  be  denied.  The  questions  then  arise — is  it  pro¬ 
bable  that  organic  agents  have  an  existence  separate 
from  matter?  and  if  so,  do  organic  agents  in  their  pre¬ 
sumed  abstract  condition  maintain  their  discrete  ex¬ 
istence,  not  only  individually,  but  in  all  their  varied 
degrees  ? 

Everyone  admits  that  the  personal  feelings  and  character 
of  himself  is  much  influenced  by  the  condition  of  his 
organization  in  youth  and  in  age  ;  yet  under  these  and  still 
greater  diversities,  no  one  questions  his  own  identity,  nor 
is  such  identity  questioned  by  others.  Now  as  the  mat¬ 
ter  of  which  an  individual  consists  is  many  times  changed 
between  youth  and  age ;  personal  identity  can  hardly  be 
supposed  to  be  vested  in  matter  or  in  its  properties  ;  but 
in  something  that  has  existed  continuously  through  all 
these  changes :  What  is  this  something  ?  We  assume  this 
something  to  be  an  immaterial  agent ;  and  if  this  immaterial 
agent  can  maintain  its  identity  through  all  the  varied 
changes  of  matter,  and  of  organization,  and  thus  virtually 
demonstrate  its  independence  of  matter ;  why  may  it  not 
maintain  its  identity  separate  altogether  from  matter  ? 

When  speaking  of  intelligent  agents  we  alluded  to  the 
possibility  as  well  as  the  probability  of  the  existence  of 
intelligent  beings ,  as  distinct  from  intelligent  agents ;  i.  e. 
of  beings  possessed  of  knowledge ,  without  will  or  power, — • 
the  other  two  faculties  requisite  to  constitute  an  intelligent 
agent.  Now  to  revert  to  the  above  question — why  may 
we  not  infer  that  an  organic  agent,  on  being  separated 
from  matter,  passes  from  the  condition  of  an  intelligent 
agent ,  to  the  condition  of  an  intelligent  being ,  maintain¬ 
ing  a  species  of  consciousness,  (the  primary  element  of 
knowledge )  without  will  or  power.*  No  valid  objection 

*  We  have  said  a  species  of  consciousness  because  the  consciousness 
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as  far  as  we  are  aware  can  be  made  to  this  assumption : 
admitted,  however,  it  leads  to  other  questions  of  great 
moment,  which  next  claim  our  attention. 

Secondly.  Hitherto  we  have  considered  the  subject  of 
organic  agents  in  general,  and  barely  alluded  to  their 
difference  of  rank.  But  if  the  existence  of  intelligent 
beings  (the  representatives  of  organic  agents  separate  from 
matter)  be  conceded,  the  existence  of  differences  of  rank 
among  such  intelligent  beings  must  be  likewise  conceded. 

The  ranks  and  grades  among  organic  agents  are  doubt¬ 
less  as  numerous  as  the  ranks  and  grades  among  organized 
beings ;  but  organic  agents  have  been,  and  as  far  as  our 
present  views  are  concerned,  may  be  classed  under  three 
grades.  Organic  agents  strictly  so  called,  the  immediate 
fabricators  of  plants  and  animals  :  Animal  organic  agents: 
and  the  Intellectual  agent  peculiar  to  man ;  which  pro¬ 
perly  speaking  ought  not  to  be  classed  with  organic 
agents ;  since  it  cannot  be  shown  that  the  intellectual 
agent  in  man  has  anything  to  do  with  the  structure 
of  his  corporeal  frame.  In  man,  as  we  have  said, 
all  these  three  agents  co-exist.  The  organic  agent  or 
agents  strictly  so  called,  the  immediate  fabricators 
of  his  body,  whose  intelligent  agency  consists  in  wield¬ 
ing  material  forces,  and,  by  their  aid,  of  organizing 
matter  into  the  primary  condition  of  irritable  cells  ? 
Various  agents  of  higher  rank  having  the  capacity  of 
controlling  organic  agents  and  of  modelling  the  primary 
irritable  cells  into  masses  and  forms ,  suited  to  their 
purposes ;  and  lastly,  the  intellectual  agent,  who,  capable 
to  a  certain  extent  of  influencing  all  below  itself,  employs 

of  an  intelligent  agent  associated  with  matter,  may  well  be  supposed  to 
be  different  from  the  consciousness  of  the  same  agent  or  being  separate 
from  matter.  In  what  the  difference  consists  is  of  course  beyond  our 
comprehension. 
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the  organized  machinery  constructed  for  its  use,  and 
suited  to  its  exigencies  by  the  inferior  agents,  and  thus 
becomes  the  organized  being,  man. 

It  is  consistent  with  our  notions  of  the  wisdom  and 
goodness  of  the  Deity  to  suppose  that  He  would  confer 
on  organic  agents  an  existence,  both  as  to  kind  and  per¬ 
manence,  suited  to  their  rank  as  intelligent  beings.  On 
this  ground  not  only  the  lowest  organic  agents,  but  those 
agents  of  animal  rank,  whose  intelligent  faculties  are 
obviously  limited  to  this  earth,  may  fairly  be  supposed  to 
have  an  existence  commensurate  only  with  this  earth. 
But  the  intellectual  agent  in  man,  soaring  as  it  does  to 
other  worlds,  and  recognizing  the  existence  and  attributes 
of  the  Deity  Himself,  even  by  the  aid  of  an  imperfect  and 
mortal  machinery ;  may  surely  be  presumed  to  be  immor¬ 
tal — may  surely  be  presumed,  at  some  future  time,  to  be¬ 
come  united  with  materials  of  a  higher  order,  and  in  the 
capacity  of  an  organized  being,  to  execute,  through  eter¬ 
nity,  as  before  in  time ,  the  will  of  his  Creator. 

Thirdly.  The  next  point  claiming  our  attention  is  the 
developement  and  decay  of  organized  beings. 

When  alluding  to  the  facts  of  Geology  and  the  infer¬ 
ences  deducible  from  them,  we  noticed  the  developement 
of  organized  beings  in  connexion  with  the  developement 
of  the  earth’s  condition — facts  on  a  large  scale  closely 
analogous  to  the  developement  and  decay  of  individual 
organic  existence :  we  shall  therefore  consider  the  two 
subjects  together. 

The  creation  of  organized  beings  according  to  our  limited 
faculties,  admits  of  a  two-fold  assumption.  We  may  sup¬ 
pose  with  some,  that  intelligent  beings  were  created  when 
matter  was  created,  and  remained  dormant  as  intelligent 
beings,  till  the  circumstances  of  the  earth  favoured  their 
union  with  matter;  that  is,  their  existence  as  organized 
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beings:  or,  we  may  assume  with  others,  that  intelligent  beings 
were  created  at  the  periods  when  the  condition  of  the  earth 
favoured  their  union  with  matter,  and  their  existence  as 
organized  beings.  Now  as  between  these  two  assump¬ 
tions,  there  is  only  a  difference  of  time ;  and  as  regards  a 
Being  who  always  is,  questions  of  time  are  inapplicable ; 
the  two  assumptions  with  reference  to  the  Deity  are 
absolutely  the  same.  To  us  limited  beings  the  decision  is 
beyond  our  powers,  and  indeed  concerns  us  not. 

Nearly  the  same  remarks  may  be  made  regarding 
the  reproduction  of.  organized  beings.  Intelligent  beings 
are  located  in  germinal  cells,  or  in  whatever  primary 
forms  organized  beings  may  exist;  and  as  the  requisite 
machinery  is  gradually  evolved,  become  organized  beings. 
If  therefore  any  part  of  the  machinery  be  wanting 
or  be  imperfectly  developed,  the  corresponding  facul¬ 
ties  of  the  organized  being  will  be  wanting  or  imperfect ; 
that  is  to  say,  will  remain  dormant  in  the  same  condi¬ 
tion  in  which  they  existed  in  the  intelligent  being. 

In  the  consideration  of  the  death  and  apparent  extinc¬ 
tion  of  organized  beings,  the  attributes  of  the  Deity,  as 
deducible  from  His  works,  must  be  again  taken  into  ac¬ 
count. 

The  end  and  object  of  Creation  are  known  only  to  the 
Creator  Himself.  But  the  supposition  clashes  with  no 
Divine  attribute  recognized  by  man — that  one  object  of 
creation  has  been  to  bring  intelligent  agents  into  con¬ 
nexion  with  matter;  and  thus  not  only  to  make  them 
acquainted  with  matter;  but  to  demonstrate  to  them  as 
inhabitants  of  the  world  He  has  created,  the  Creator’s  will 
and  power.  If  this  assumption  be  conceded,  we  may 
further  assume  another  object  to  have  been,  to  grant  the 
same  knowledge  to  a  number  of  organized  beings  com¬ 
mensurate  with  the  magnitude  of  His  design ;  and  as  the 
earth  is  a  limited  field  of  operation  for  an  infinite  agent, 
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this  object  would  be  best  attained  by  limiting  the  existence 
of  organized  beings,  and  by  successively  bringing  others 
into  being.  These  views,  while  they  exclude  the  ancient 
and  not  entirely  exploded  doctrine  of  Metempsychosis,  at 
the  same  time  point  to  arrangements  by  which  many  other 
objects  connected  with  the  great  scheme  of  creation,  are 
probably  attained. 

Before  proceeding  to  the  reflections  suggested  by  the 
wonderful  phenomena  of  organic  existence,  we  shall 
recapitulate  the  principal  points  we  have  been  considering, 
chiefly  for  the  sake  of  viewing  them  in  a  different  light, 
and  of  offering  some  supplementary  remarks. 

1.  In  organized  beings  no  less  than  in  the  operations 
of  the  agencies  by  which  organization  is  effected,  we 
recognize  a  certain  limited  choice  of  action — in  short,  a 
will  to  do,  or  not  to  do,  certain  things,  and  without  which 
faculty  of  choice  we  could  scarcely  conceive  the  existence- 
of  organized  beings  ;  or  at  least  the  maintenance  of  their 
existence.  This  faculty  (by  which  in  a  special  manner 
organized  beings  are  distinguished  from  inorganic  matters) 
has  been  recognized  from  the  earliest  times,  and  received 
various  appellations,  as  vis  conservatrix  naturce ,  vis  medica- 
trix  naturce ,  &c  ;  terms  expressive  of  a  will  or  choice  to 
preserve  existence,  to  rest  ore  injuries  threatening  the  extinc¬ 
tion  of  existence,  &c.,  which  no  one  would  think  of  applying 
to  inorganic  matters.  Now  will  or  choice ,  as  we  have  said, 
is  the  offspring  of  knowledge  on  the  one  hand,  and  of 
power  on  the  other — faculties  together  constituting  a  con¬ 
scious  intelligent  agent —  such  an  agent,  in  short,  as  we 
have  assumed  on  these  grounds  to  exist  in  every  organ¬ 
ized  being.  We  have  attempted  to  show  that  the 
assumption  of  such  an  intelligent  agent  is  not  derogatory 
to  the  Deity ;  inasmuch  as  the  creation  of  an  intelligent 
agent,  capable  of  performing  a  given  act,  is  at  least  equiva- 
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lent  to  self-action.  The  view  of  the  subject,  as  a  whole, 
may  be  thus  illustrated.  The  Deity  is  not  the  imme¬ 
diate  artificer  of  a  steam-engine  ;  but  He  has  created 
matter  with  certain  properties ;  He  has  created  man  an 
intelligent  agent,  and  imparted  to  him  a  knowledge  and 
faculty  of  wielding  the  properties  of  matter  ;  and  having 
done  this,  He  has  left  it  to  the  will  and  agency  of  the  man 
to  construct  the  machine. 

2.  The  notion  conveyed  by  the  term  laiv,  implying  a 
fixed  rule  of  action ,  is  absolutely  incompatible  with  choice 
or  will.  For  instance,  the  laws  of  inorganic  nature,  as 
those  of  gravitation,  are  not  only  invariable,  but  are  never 
infringed  even  by  the  Deity  Himself.  He  has  indeed  so 
admirably  contrived  these  laws,  that  they  act  together  on 
the  whole  conservatively ;  but  not  in  virtue  of  any  will 
or  choice  of  their  own. 

3.  Since  choice  or  will  is  implied  in  all  organiza¬ 
tions,  and  since  laws  are  incompatible  with  choice 
or  will ;  all  hypotheses  assumed  to  explain  organization 
by  laws ,  whether  by  laws  of  matter,  or  by  what  are  called 
laws  of  developement ,  must  be  rejected.  We  cannot, 
for  instance,  suppose  that  matter,  in  virtue  of  its  own 
laws,  can  form  plants  or  animals ;  or  admitting  for  the 
sake  of  argument  that  matter  can  form  plants  and 
animals;  that  vitality  is  the  result  of  such  formation. 
Neither  can  we  admit  that  vitalities  of  an  inferior  order, 
as  for  instance,  the  irritability  (or  vitality)  of  cells,  can 
ever  so  combine  or  become  associated  as  to  form  vitality 
of  a  higher  order ;  or  that  the  intelligence  of  a  dog,  or  of 
anv  number  of  dogs,  however  associated,  either  now  or 
hereafter,  can  ever  become  equal  to  the  intelligence  of  an 
ape,  or  of  any  superior  animal ;  much  less  of  man.  We 
are  driven  therefore  irresistibly  to  the  conclusion,  that 
when  a  new  and  specific  organized  being  is  required,  a  new 
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and  specific  act,  equivalent  to  an  act  of  creation,  must  be 
performed. 

4.  An  objection  to  the  hypothesis  of  organic  agents  not 
noticed  in  the  preceding  pages,  remains  in  the  last  place 
to  be  briefly  considered.  Objectors  argue  that  by  the 
hypothesis  of  intelligent  agents,  we  put  a  stop  to  all  philo¬ 
sophical  inquiry  into  organic  phenomena.  Such  an  objec¬ 
tion  is  perfectly  unfounded.  In  accounting  for  the  phe¬ 
nomena  of  life,  it  is  absolutely  necessary  to  assume  the 
existence  of  some  agency  different  from,  and  superior  to 
those  agencies  which  operate  among  inorganic  matters. 
By  assuming  the  existence  of  intelligent  agency,  we  as¬ 
sume  once  for  all ;  and  avoid  the  inextricable  difficulties 
arising  from  attempts  to  refer  organic  processes  to  material 
forces ,  or  to  any  assumed  vital  forces ,  or  laivs  of  develope- 
ment.  According  to  our  views,  the  legitimate  object  of 
philosophy  is  to  investigate  the  phenomena  of  nature — 
to  find  out  what  is  done — whether  by  the  Deity  Him¬ 
self — by  the  intervention  of  intelligent  agents — or  by  the 
medium  of  the  laws  He  has  impressed  on  matter — in 
short,  to  trace  and  refer  all  we  see  to  its  proper  source  ;  and 
as  far  as  our  limited  faculties  will  admit,  to  deduce  from 
the  whole  of  natural  phenomena,  the  attributes  of  their 
Great  Author. 


In  regarding  the  nature  and  composition  of  organized 
bodies,  the  first  circumstance  which  arrests  our  attention, 
is  the  wonderful  adaptation  of  the  elements  and  agents  of 
inorganic,  and  of  organic  nature,  to  each  other.  For  ex¬ 
ample,  had  not  carbon,  and  azote,  and  water,  been  formed 
with  the  properties  which  they  now  possess,  organic 
agents,  as  we  know  them,  would  have  existed  in  vain ; 
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and  without  organic  agents,  the  properties  of  these  ele¬ 
ments  would  equally  have  been  useless.  And  how  truly 
wonderful,  and  utterly  beyond  our  comprehension,  are  the 
properties  and  adaptations  displayed  in  the  processes  of 
organization  !  To  enable  ourselves  to  form  some  concep¬ 
tion  of  these  processes,  by  bringing  to  a  level  with  our 
understanding,  those  things  which  they  accomplish  ;  let 
us  propose  to  ourselves  the  question, — What  ought  to  be 
the  inherent  properties  and  the  constitution  of  an  elemen¬ 
tary  principle,  which  should  not  only  be  capable  of  being 
formed  into  the  hardest  and  the  softest  bodies  in  nature ; 
but  which  should  also  be  capable  of  entering  as  an  essen¬ 
tial  ingredient  into  substances  so  very  unlike,  as  sugar, 
vinegar,  wood,  oil,  albumen,  and  many  others,  in  all  their 
countless  forms  and,  varieties  ?  Do  we  not  feel  all  our 
fancied  knowledge  annihilated  by  such  a  question  ?  Nay, 
what  is  more,  even  when  the  question  is  answered  for  us ; 
and  when,  with  the  utmost  care,  and  to  the  furthest  ex¬ 
tent  of  our  ability,  we  have  studied  all  the  chemical  pro¬ 
perties  of  Carbon — the  substance  by  which  the  conditions 
of  the  question  are  fulfilled  ;  how  totally  unable  are  we  to 
explain  these  properties,  or  even  to  trace  them  through 
their  simplest  modifications  ?  Why,  for  instance,  is  the 
diamond  capable  of  assuming  the  form  of  charcoal ;  or 
why  has  charcoal  been  capable  of  assuming  the  form  of 
the  diamond?  And  how  are  these  properties  of  carbon 
modified,  and  altered,  in  all  the  numerous  states  of  com¬ 
bination  into  which  we  know  carbon  enters  ?  On  what 
property  or  quality,  not  possessed  by  other  elements,  do 
all  those  astonishing  capabilities  of  change  depend,  which 
are  inherent  in  this  element  carbon  ?  And  why  has  carbon 
been  chosen  for  forming  organized  beings,  in  preference 
to  silex,  or  iron,  or  any  other  element  ?*  To  us  all  these 

*  Since  there  is  nothing  peculiar  in  the  elements  of  which  organized 
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things  are  absolutely  unknown ;  but  what  a  conception  do 
they  give,  of  that  inscrutable  agency  by  which  the  ele¬ 
ments  are  governed  ;  of  the  powers  of  that  Almighty 

whom  they 

were  first  designed,  and  by  whom  they  have  all  been 
created !  How  infinitely  must  His  knowledge  surpass 
whatever  we  can  imagine :  how  far  is  His  power  beyond 
our  utmost  calculation  ! 

On  the  other  hand,  if  the  properties  of  the  elements 
of  matter  be  wonderful ;  yet  more  wonderful  are  those 
agents  within  organized  bodies,  by  which  the  elements  of 
matter  are  directed.  With  the  intimate  nature  indeed  of 
these  agents,  we  have  not  the  remotest  acquaintance,  nor, 
probably,  ever  shall  have.  But,  as  has  been  already  stated, 
we  can  trace,  to  a  certain  extent,  the  laws  of  action  which 
organic  agents  have  been  taught  to  obey  :  we  observe  the 
unvarying  selection  by  these  agents  of  carbon,  azote,  and 
water,  on  which  they  chiefly  act ;  their  power,  within 

beings  are  composed,  and  no  reason  can  be  assigned  why  carbon  and 
other  elements  have  been  chosen  for  their  formation,  we  are  compelled 
to  ascribe  the  choice  of  these  materials  to  the  will  of  the  Great  Creator. 
But  as  lie  never  acts  without  a  purpose,  we  cannot  doubt  that  these 
elements  have  been  selected  for  some  specific  design  ;  which  design  has 
probably  been,  that  the  fabric  of  the  beings  dwelling  on  this  earth, 
might  be  adapted  to  its  general  position  in  the  Solar  system.  When 
we  consider  that  the  same  heat,  and  the  same  light  are  diffused  by  the 
same  central  sun ;  that  the  whole  system  obeys  the  same  laws  ;  and 
that  the  different  planets  influence,  and  are  influenced  by  each  other  ; 
we  are  warranted  in  believing  that  the  planets  are  essentially  composed 
of  the  same  elementary  principles.  But  admitting  that  the  heat  and 
light  of  the  sun  are  distributed  according  to  the  laws  which  they  seem 
universally  to  obey  ;  the  heat  in  Mercury,  close  to  the  sun,  and  the 
cold  in  Saturn,  at  the  other  extreme,  must  be  alike  so  intense,  that  or¬ 
ganized  beings,  such  as  inhabit  this  earth,  could  not  exist  for  a  moment. 
In  the  different  planets,  therefore,  may  not  organic  agents  be  attached 
to  different  elements,  more  or  less  fixed  or  volatile,  as  the  distance  of 
the  planet  from  the  sun  may  require  ? 


Mind  who  is  conversant  with  them  all — by 
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certain  limits,  of  guiding  and  controlling  inorganic  agents; 
and  more  than  all,  that  mysterious  periodic  developement 
and  decay,  which  every  organized  being  undergoes.  These 
facts  which  continually  present  themselves  to  our  notice, 
are  totally  inexplicable  according  to  those  laws  by  which 
inorganic  bodies  are  governed  ;  and  are  referable  only, 
to  an  order  of  existence,  whose  nature  has  not  been  re¬ 
vealed. 

Lastly,  we  cannot  close  this  chapter,  without  pointing 
out  to  the  reader  a  very  remarkable  contrast,  in  the  two 
classes  of  objects  which  have  engaged  our  attention.  The 
number  and  diversity  of  organic  agents  appear  to  be  end¬ 
less  ;  in  the  creation,  therefore,  of  these  agents,  the  Great 
Author  of  Nature  has  chosen  to  manifest  his  attribute  of 
infinity.  But  in  the  creation  of  the  material  elements 
which  compose  the  frame  of  organized  beings,  He  has 
adopted  a  plan  directly  opposite.  Instead  of  different 
principles  ;  the  same  carbon,  the  same  azote,  the  same 
water,  enter  into  every  living  being,  from  the  lowest  plant 
upward  to  man.  Amidst  the  wonders  of  creation,  it  is 
perhaps  difficult  to  say  what  is  most  wonderful ;  but  we 
have  often  thought,  that  the  Deity  has  displayed  a  greater 
stretch  of  power,  in  accommodating  to  such  an  extraordi¬ 
nary  variety  of  changes,  a  material  so  unpromising  and  so 
refractory  as  charcoal,  and  in  finally  uniting  it  with  the 
human  mind  ;  than  was  requisite  for  the  creation  of  the 
human  mind  itself.  But,  to  Him,  all  things  are  alike  easy 
of  accomplishment;  and  He,  doubtless,  has  willed  these 
and  other  proofs  of  His  omnipotence,  in  order  to  convince 
us  of  this  truth, — that  the  Creator  of  the  mind,  could 
alone  have  created  the  matter  with  which  the  mind  is 
associated ! 
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CHAPTER  II. 

OF  THE  MODES  OF  NUTRITION  ;  COMPRISING  A  BRIEF 
DESCRIPTION  OF  THE  ALIMENTARY  APPARATUS  ;  AND 
OF  ALIMENTARY  SUBSTANCES,  IN  PLANTS  AND  IN 
ANIMALS. 

The  subsistence  of  all  organized  beings  is  derived  from 
sources  external  to  themselves ;  and  the  sources  of  their 
aliment  as  well  as  the  modes  in  which  these  aliments  are 
applied,  exhibit  an  almost  endless  variety.  As  might  be 
expected,  the  widest  differences,  both  in  the  nature  of 
the  alimentary  substances,  and  in  the  manner  of  their  in¬ 
troduction,  are  between  plants  and  animals.  We  shall, 
therefore,  consider  the  subject  of  nutrition  under  these 
two  heads. 


Section  I. 

Of  the  Modes  of  the  Nutrition  of  Plants;  and  of  the 
Nature  of  those  Matters  by  which  their  Nutrition  is 
effected . 

A  minute  investigation  of  the  anatomy  and  the  phy¬ 
siology  of  plants,  would  be  quite  foreign  to  the  object  of 
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this  treatise.  At  the  same  time,  it  is  necessary  that  the 
reader  should  have  some  insight  into  these  departments  of 
knowledge ;  in  order  that  he  may  be  enabled  to  under¬ 
stand  the  collateral  researches,  which  it  is  our  duty  to 
illustrate. 

“  If  we  reflect  upon  the  phenomena  of  vegetation,” 
says  Professor  Lindley,  “  our  minds  can  scarcely  fail  to 
be  deeply  impressed  with  admiration  at  the  perfect  sim¬ 
plicity,  and,  at  the  same  time,  faultless  skill,  with  which 
all  the  machinery  is  contrived,  upon  which  vegetable  life 
depends.  A  few  farms  of  tissue  interwoven  horizontally 
and  perpendicularly  constitute  a  stem ;  the  developement, 
by  the  first  shoot  that  the  seed  produces,  of  buds  which 
grow  upon  the  same  plan  as  the  first  shoot  itself,  and  a 
constant  succession  of  the  same  phenomenon,  causes  an 
increase  in  the  length  and  breath  of  the  plant ;  an  expan¬ 
sion  of  the  bark  into  a  leaf ‘  within  which  ramify  veins 
proceeding  from  the  seat  of  nutritive  matter  in  the  new 
shoot ;  the  provision  of  air  passages  in  its  substance,  and  of 
evaporating  pores  on  its  surface,  enables  the  crude  fluid 
sent  from  the  roots  to  be  elaborated  and  digested  until 
it  becomes  the  peculiar  secretion  of  the  species  :  the  con¬ 
traction  of  the  branch  and  its  leaves  forms  a flower ;  the 
disintegration  of  the  internal  tissue  of  a  petal  forms  an 
anther ;  the  folding  inwards  of  a  leaf  is  sufficient  to  con¬ 
stitute  a  pistillum  ;  and  finally,  the  gorging  of  the  pistillum 
with  fluid  which  it  cannot  part  with,  causes  the  produc¬ 
tion  of  a  fruit .* 

The  “  crude  fluid  sent  up  from  the  roots'’  of  plants,  or 
their  sap ,  as  it  is  termed,  is  found  to  consist  chiefly  of 
water,  mucilage,  and  sugar ;  with  some  minute  portions 
of  other  substances,  containing  azote  and  the  saline  mat- 


*  Introduction  to  Botany,  p.  216. 
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ters,  formerly  described  as  incidental  to  plants  and  ani¬ 
mals.  Though,  under  certain  circumstances,  moisture  is 
absorbed  by  the  leaves  of  all  plants,  yet  there  can  be  no 
doubt  that  a  great  part  of  the  water  they  contain,  as  well 
as  certain  nutritious  matters  to  be  presently  mentioned, 
enter  by  their  roots ;  not,  however,  by  the  whole  root 
indiscriminately,  but  chiefly  by  the  minute  parts  termed 
spongioles.  Hence,  these  minute  fibrous  parts  are  of  the 
utmost  importance  in  the  vegetable  economy,  and  ought 
to  be  carefully  preserved  in  transplantation  ;  otherwise 
the  plant  will  certainly  perish.  In  some  instances,  roots 
appear  to  be  intended  to  act  as  reservoirs  of  nourishment 
for  the  support  of  the  plants  of  the  succeeding  year,  on 
their  first  developement.  There  are  such  roots  in  the 
Orchis  and  Dahlia  tribes,  and  in  others. 

The  aliments  of  plants  are  of  two  distinct  kinds,  and  are 
appropriated  in  two  distinct  modes.  The  first  kind  of 
aliments  contain  azote  :  the  second  kind  consists  of  car¬ 
bonic  acid.  Both  of  these  aliments  are  probably  taken 
up  from  the  soil  along  with  water  by  the  roots  ;  but  the 
aliments  containing  azote  are  principally  taken  up  by 
the  roots  ;  while  carbonic  acid  is  for  the  most  part  appro¬ 
priated  from  the  air  by  the  leaves. 

The  chief  ingredient  in  the  aliments  of  plants  contain¬ 
ing  azote,  appears  to  be  ammonia.  Nay  some  have  gone 
so  far  as  to  assert  that  ammonia  is  the  only  azotized  sub¬ 
stance  appropriated  by  plants.  We  consider  this  however 
to  be  a  mistake ;  and  have  no  doubt  that  various  com¬ 
pounds  of  azote  with  oxygen,  as  well  as  with  carbon  and 
hydrogen,  are  also  appropriated,  if  not  by  all  plants,  at  least 
by  many  species. 

The  azotized  elements  of  plants,  as  we  have  just  stated, 
are  chiefly  taken  up  bv  the  spongioles  of  the  roots  of 
plants,  which  therefore  perform  an  office  very  analo- 
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gous  to  the  vessels  termed  lacteals  and  absorbents  in  ani¬ 
mals  to  be  afterwards  described.  The  carbonic  acid,  as 
we  have  said,  is  taken  up  chiefly  by  the  leaves,  and  in  the 
following  manner : 

During  the  day,  and  particularly  during  sunshine,  the 
leaves  of  plants  have  the  power  of  abstracting  carbonic 
acid  from  the  atmosphere.  The  carbon  of  the  acid,  and 
perhaps  also  a  little  of  its  oxygen,  combine  with  the 
plant ;  while  the  greater  part  of  the  oxygen  remains,  and 
is  diffused  through  the  atmosphere  in  a  gaseous  state. 
During  the  night,  o.n  the  contrary,  or  in  the  shade,  plants, 
in  general,  convert  a  portion  of  the  oxygen  of  the  atmo¬ 
sphere  into  carbonic  acid :  but  the  quantity  of  oxygen  thus 
converted  into  carbonic  acid,  is  less  than  the  quantity  of 
oxygen  separated  from  the  carbonic  acid,  which  plants 
decompose  under  the  influence  of  the  solar  light.  At  the 
same  time  with  this  formation  of  carbonic  acid  during  the 
night,  plants  are  said  also  to  absorb  from  the  atmosphere  a 
certain  portion  of  oxygen ;  to  replace  that  oxygen  which 
had  been  given  off,  during  exposure  to  sunshine,  on  the 
preceding  day.  Plants  absorb  carbon  as  long  as  they  are 
exposed  to  the  light :  during  the  season,  therefore,  when 
the  day  is  long  and  the  night  is  short,  plants  give  off  much 
less  carbon  than  they  absorb.  This  excess  of  the  absorp¬ 
tion  of  carbon,  is  probably  one  reason  why  in  the  Polar 
latitudes,  the  progress  of  vegetation  is  so  rapid.  By  a 
beautiful  provision  of  nature  ;  in  the  course  of  a  short 
summer  of  a  few  weeks,  but  of  unvarying  light ;  plants, 
in  these  latitudes,  go  through  all  the  changes  which  in 
hotter  climates  require  many  months. 

The  late  Professor  Burnet  explained  the  functions  of 
leaves,  by  referring  the  phenomena  to  the  respiration 
and  digestion  of  plants.  The  process  of  respiration 
in  plants,  is  supposed  to  be  continual ;  and  to  be 
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accompanied,  as  in  animals,  by  the  formation  and 
emission  of  carbonic  acid  gas.  The  process  of  diges¬ 
tion  in  plants,  on  the  contrary,  takes  place  only  during 
their  exposure  to  the  light  of  the  sun  :  their  digestive 
process  consists  in  the  decomposition  of  the  carbonic  acid 
gas  of  the  atmosphere,  and  the  absorption  of  the  carbon 
from  the  acid  which  is  thus  decomposed.  Hence  a 
plant,  under  the  influence  of  sunshine,  purifies  the  air  by 
digesting  the  carbonic  acid,  and  appropriating  the  carbon ; 
while  in  the  dark,  the  digestive  process  of  plants  ceases  ; 
but  they  continue  to  respire  without  intermission ;  and 
carbonic  acid  gas  is  thus  accumulated  in  the  surrounding 
atmosphere. 

The  hypothesis  of  Professor  Burnet  is  plausible,  and 
may  be  in  part  correct.  Strictly  speaking,  however, 
there  probably  exists  in  animals  no  function  precisely  ana¬ 
logous  to  the  function  performed  by  the  leaves  in  plants. 
The  leaves  have  been  called  the  lungs  of  plants,  but  very 
erroneously.  The  function  in  animals  perhaps  most 
nearly  approaching  to  the  function  of  the  leaves  in  plants, 
we  have  often  thought  to  be  performed  by  the  liver ;  which 
as  we  shall  attempt  to  show  hereafter,  is  the  organ  in 
animals  more  especially  concerned  in  the  assimilation  of 
aliments,  in  which  carbon  predominates. 

From  the  phenomena  of  gaseous  absorption  in  plants,  it 
seems  to  be  performed  by  a  portion  of  the  leaf  peculiarly 
organized,  and  situated  immediately  under  the  external 
covering  or  epidermis.  Gaseous  secretion,  granting  its 
existence,  is  probably  effected  by  quite  a  separate  struc¬ 
ture.  A  careful  microscopic  inquiry  into  the  structure 
of  leaves,  might  throw  much  light  on  their  physiology. 

Another  function  of  plants  somewhat  analogous  to 
an  animal  function,  seems  to  be  performed  by  their  roots. 
It  has  been  established,  that  the  roots  of  all  plants,  be- 
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sides  imbibing  water,  and  a  certain  portion  of  nourish¬ 
ment,  perform  also  an  excretory  office ;  and  that  in  the 
soil  in  which  plants  grow,  there  are  deposited  by  the 
roots,  certain  matters  of  an  excrementitious  nature,  inju¬ 
rious  to  the  plants  from  which  they  have  been  separated ; 
and  which  matters,  therefore,  cannot  be  absorbed  again, 
till  they  have  undergone  decomposition.  Such  excreted 
matters  have  been  adduced  as  one  reason,  why  a  soil 
becomes,  sooner  or  later,  so  much  deteriorated  by  any  one 
species  of  plant,  that  it  will  not  support  other  individuals 
of  the  same  species.:  whence  the  necessity  of  a  rotation  of 
crops.  Another  and  perhaps  the  chief  reason  why  a 
rotation  of  crops  becomes  necessary,  is  that  the  con¬ 
tinued  growth  of  the  same  plant,  exhausts  the  peculiar 
incidental  elements  necessary  to  its  existence.  Different 
plants  and  animals  require  different  incidental  elements  ; 
but  we  have  shown  that  the  presence  of  some  such  inci¬ 
dental  elements  appears  to  be  necessary  to  the  existence 
and  developement  of  all  organized  beings.  A  similar 
exhaustion  also  of  azotized  matters  may  cause  a  soil  to  be¬ 
come  generally  unfertile.  To  study  these  deficiencies, 
and  to  know  how  to  supply  them  by  appropriate  manures , 
is  the  business  of  the  agriculturist.  The  subject  of  late 
has  deservedly  occupied  much  of  the  public  attention ; 
but  a  great  deal  yet  remains  to  be  accomplished. 

The  principal  ingredient  in  the  sap  of  plants,  as  we 
have  already  stated,  is  water.  The  quantity  of  sap  in 
some  plants,  is  almost  incredible  ;  and  not  less  so,  is  the 
force  with  which,  on  the  approach  of  warm  weather  in  our 
climates,  and  at  the  commencement  of  the  rainv  season 
within  the  tropics,  that  sap  is  determined  upwards.  The 
general  composition  of  the  sap  varies  considerably  in 
different  parts  of  the  same  plant.  For  instance,  sap  taken 
from  the  roots  is  little  more  than  water;  while  the  quan- 
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tity  of  saccharine  and  other  matters  contained  in  the  sap, 
increases  in  its  progress  along  the  stem  to  the  higher  parts 
of  the  plant.  When  the  sap  begins  to  rise,  the  leaves  at 
the  same  time  begin  to  be  developed.  From  the  leaves 
principally  the  watery  portions  of  the  sap  are  evaporated ; 
and  the  evaporation  is  copious  and  unceasing.  The  more 
solid  matters  thus  remain  dissolved  in  a  less  proportion  of 
water;  and  after  undergoing  further  changes,  in  the 
leaves  chiefly,  as  is  supposed  ;  these  matters  are  returned, 
along  with  the  remaining  water,  to  be  deposited  for  the 
future  uses  of  the  plant  in  other  parts  of  its  structure, 
where  they  constitute  the  numerous  vegetable  proximate 
elements  briefly  described  in  the  last  chapter. 

The  analogy  and  relation  between  plants  and  animals 
will  be  resumed  after  we  have  treated  of  animals. 


Section  II. 

Of  the  Modes  of  Nutrition  in  Animals  ;  and  of  the 
Alimentary  Substances  by  which  they  are  nourished. 


To  beings,  like  animals,  endowed  with  locomotive 
powers,  the  absorption  of  their  nourishment  from  without, 
would  have  been  exceedingly  inconvenient.  Animals 
have,  therefore,  been  furnished  with  an  additional  recep¬ 
tacle  and  apparatus  subservient  to  nutrition  ;  into  which, 
as  inclination  or  circumstances  may  prompt  them,  their 
food  is  conveyed  at  intervals  ;  and  from  which,  after  having 
undergone  certain  changes,  the  food  is  absorbed,  and 
distributed  over  their  system,  as  the  exigencies  of  that 
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system  may  require.  Hence  the  distinction  between 
plants  and  animals  ; — plants  absorb  their  nourishment  by 
external ,  animals  by  internal ,  roots  or  spongioles.  We 
need  scarcely  remark,  that  the  stomach  and  alimentary 
canal,  with  their  appendages,  are  the  internal  apparatus  to 
which  we  allude  :  this  internal  apparatus  constitutes  a 
marked  difference  between  plants  and  animals. 

1.  Of  the  Organs  of  Digestion  in  Animals. — Among 
the  different  tribes  of  animals,  there  is  an  almost  endless 
diversity  in  the  formation  of  the  alimentary  organs  ;  and  as 
these  organs  vary,  not  only  in  their  own  formation,  but 
also  with  respect  to  the  auxiliary  apparatus,  and  appen¬ 
dages  of  every  kind,  connected  with  them  ;  any  detailed 
account  of  the  alimentary  system  would  at  present  be 
quite  uncalled  for.  In  general,  the  alimentary  canal  of 
the  higher  classes  of  animals,  consists  of  a  tube  of  greater 
or  less  elongation ;  expanded  in  some  parts  of  its  length ; 
terminated  at  one  extremity  by  a  mouth,  into  which  the 
food  is  received  ;  and  at  the  other,  by  a  provision  for  the 
removal  of  excrementitious  matters.  In  some  of  the  less 
perfect  animals,  the  alimentary  canal  has  only  one  aper¬ 
ture  :  in  such  animals,  of  course,  instead  of  a  canal,  there 
is  a  kind  of  sac.  In  a  very  few  other  animals  the  alimen¬ 
tary  cavity  has  numerous  apertures.  In  all  instances, 
however,  and  whatever  may  be  the  nature  of  the  alimen¬ 
tary  matters  ;  these  matters,  after  having  been  retained 
for  some  time  in  the  organs  appropriated  to  nutrition,  are 
reduced,  more  or  less,  to  a  fluid  state — are  digested,  in 
the  common  sense  of  the  term,  and  are  converted  into 
what  is  denominated  chyme.  The  more  nutritious  parts 
of  the  fluid  chyme,  or  the  chyle ,  as  the  nutritious  parts  are 
denominated,  are  then  absorbed,  and  distributed  through 
the  system  for  the  reparation  of  the  animal ;  while  the 
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insoluble  and  other  matters,  are  separated  as  excrementi- 
tious. 

We  have  already  alluded  to  the  endless  diversity  observ¬ 
able  in  the  form  and  arrangements  of  the  alimentary 
canal  in  the  different  kinds  of  animals.  A  few  of  the 
most  remarkable  of  these  diversities  among  the  more 
perfect  animals,  will  be  noticed  in  the  following  outline 
of  the  alimentary  canal,  as  existing  in  the  human  body. 

Of  the  Mouth  and  its  Appendages* — “In  no  apparatus 
put  together  by  art,”  says  Paley,  “  do  I  know  such 
multifarious  uses  so  aptly  contrived  as  in  the  natural 
organization  of  the  human  mouth.”  “  In  this  small  cavity 
we  have  teeth  of  different  shape, — first  for  cutting, 
secondly  for  grinding ;  muscles  most  artificially  disposed 
for  carrying  on  the  compound  motion  of  the  lower  jaw, 
half  lateral  and  half  vertical,  by  which  the  mill  is  worked ; 
fountains  of  saliva  springing  up  in  different  parts  of  the 
cavity  for  the  moistening  of  the  food,  while  the  mastica¬ 
tion  is  going  on  ;  glands  to  feed  the  fountains  ;  a  muscu¬ 
lar  construction  of  a  very  peculiar  kind  in  the  back  part 
of  the  cavity,  for  the  guiding  of  the  prepared  aliment  into 
its  passage  towards  the  stomach,  and  in  many  cases  for 
carrying  it  along  that  passage.”  “  In  the  meantime,  and 
within  the  same  cavity,  is  going  on  another  business  alto¬ 
gether  different  from  what  is  here  described — that  of 
respiration  and  of  speech.  In  addition,  therefore,  to  all  that 
has  been  mentioned,  we  have  a  passage  opened  from  this 
cavity  to  the  lungs,  for  the  admission  of  air,  exclusively  of 
every  other  substance;  we  havemuscles,  some  in  the  larynx, 
and  without  number  in  the  tongue,  for  the  purpose  of 
modulating  that  air  in  its  passage,  with  a  variety,  a  com¬ 
pass,  and  a  precision  of  which  no  other  musical  instru¬ 
ment  is  capable.  And  lastly,  we  have  a  specific  contriv¬ 
ance  for  dividing  the  pneumatic  part  from  the  mechanical, 
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and  for  preventing  one  set  of  actions  interfering  with  the 
other.”  “  The  mouth,  with  all  these  intentions  to  serve, 
is  a  single  cavity ;  is  one  machine,  with  its  parts  neither 
crowded  nor  confined,  and  each  unembarrassed  by  the 
rest.,,#  Such  is  Paley’s  graphic  description  of  the  human 
mouth  and  its  appendages :  we  have  quoted  it  at  length, 
as  a  fine  statement  of  the  adaptation  of  means  to  ends  in 
the  animal  structure. 

Man  has  been  observed  to  differ  more  from  other  ani¬ 
mals  in  the  form  of  his  lower  jaw,  than  in  the  form  of  any 
other  bone  of  his  body.  This  difference  consists  chiefly 
in  the  prominence  of  the  Qhin ;  that  peculiar  characteris¬ 
tic  of  the  human  countenance,  which  distinguishes  more 
or  less  every  race  of  mankind,  and  is  found  in  no  other 
animal  whatever.  There  is  likewise  a  striking  difference, 
among  the  various  tribes  of  animals,  in  the  mode  of  arti¬ 
culation  of  the  lower  jaw  ;  which  in  all  cases  is  singularly 
adapted  to  the  nature  of  the  food  of  the  animal.  Thus, 
in  the  carni  vorous  tribes,  the  articulation  is  so  arranged 
that  the  jaw  can  move  only  up  and  down  ;  and  is  almost 
entirely  incapable  of  that  lateral  movement,  which  is 
essential  to  genuine  mastication.  Hence  such  animals  cut 
and  tear  their  food,  and  swallow  it  in  large  pieces.  But 
animals  deriving  their  subsistence  from  vegetables,  in  ad¬ 
dition  to  the  vertical  motion  of  their  lower  jaw,  have  the 
power  of  moving  it  backwards  and  forwards,  or  to  either 
side,  so  as  to  produce  a  grinding  effect,  admirably  fitted  for 
triturating  the  vegetable  matters  on  which  they  subsist. 

The  teeth  next  claim  our  attention,  as  being  not  less 
suited  to  the  habits  of  the  animal,  than  the  form  of  the 
jaw  in  which  they  are  set.  Teeth  are  divided  by  natural¬ 
ists  into  three  orders  : — The  Incisores,  or  cutting  teeth , 
placed  in  the  front  part  of  the  mouth ;  the  Cuspidati , 
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canine ,  or  corner  teeth ,  usually  placed  near  the  angles  ol 
the  jaw;  the  Molares,  grinding ,  or  lateral  teeth,  which 
always  occupy  the  sides  and  back  part  of  jaw.  In  man, 
and  in  those  animals  which  most  nearly  resemble  him  in 
their  structure,  teeth  exist  of  all  the  above  varieties  of 
form.  But  many  species  want  one  or  other  of  these 
varieties ;  while  the  teeth  they  possess,  are  of  a  form  and 
size  very  unlike  the  same  teeth  in  man.  Thus,  in  animals 
nourished  chiefly  by  the  harder  vegetable  substances,  and 
on  account  of  their  peculiar  mode  of  feeding,  styled 
gnawing  animals,  the  incisor  teeth  are  the  most  remark¬ 
ably  developed ;  as  these  teeth  are  the  best  adapted, 
and  indeed  are  indispensably  necessary,  to  their  habits. 
In  carnivorous  animals,  on  the  other  hand,  the  canine  teeth 
are  of  chief  importance ;  as  enabling  these  animals  to  seize 
and  hold  their  prey :  in  such  animals,  accordingly,  the 
canine  teeth  are  the  most  perfectly  formed.  Lastly, 
in  animals  that  live  on  grass,  and  other  herbaceous  sub¬ 
stances,  and  whose  food  requires  long  and  complete 
mastication,  the  Molares ,  or  grinding  teeth,  attain  the 
greatest  enlargement ;  and  in  many  of  these  animals,  the 
incisor  and  the  canine  teeth  are  entirely  wanting.  Besides 
the  adaptation  of  the  form ;  the  enamel  or  harder  cutting 
portion  of  the  teeth,  is  distributed  over  and  throughout 
their  texture,  according  to  their  intended  uses,  in  a  manner 
that  is  truly  extraordinary.  The  description  of  the  ar¬ 
rangement  of  the  enamel,  as  well  indeed  as  a  minute  ac¬ 
count  of  the  teeth  themselves,  belong,  however,  to  the 
physiologist,  on  whose  province  we  shall  not  further  in¬ 
trude.  But  it  is  impossible  to  take  even  the  most  super¬ 
ficial  view  of  the  teeth  of  animals,  without  being  struck 
with  the  admirable  design  and  fitness  they  display, 
throughout  their  whole  fabrication. 

The  next  auxiliary  appendages  of  the  mouth  are  the 
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ylands  that  secrete  the  saliva;  in  which  we  observe  the 
same  beautiful  arrangement  as  in  the  form  and  structure 
of  the  teeth.  In  man,  though  the  apparatus  for  the  secre¬ 
tion  of  the  saliva,  is  by  no  means  of  large  size  ;  yet  the 
quantity  of  fluid  which  the  salivary  glands  are  capable  of 
secreting,  and  do  secrete  during  mastication,  is  very  con¬ 
siderable;  often  amounting,  it  is  said,  to  half  a  pint  or 
more.  This  fluid,  in  its  perfectly  healthy  state,  is  neither 
acid  nor  alkaline,  or  alkaline  only  in  a  slight  degree ;  but 
occasionally  it  assumes  an  acid  character.  Besides  the 
great  utility  of  the  saliva  in  moistening  the  food,  we  can¬ 
not  doubt  that  it  assists,  and  is  even  necessary  to  the  full 
completion  of,  the  succeeding  digestive  process.  By  a 
beautiful  arrangement,  animals  which  do  not  masticate 
their  food,  as  the  carnivorous  tribes,  have  very  small  sali¬ 
vary  glands  ;  while  in  animals  whose  food  requires  long 
mastication,  as  in  ruminating  animals— the  cow  and  the 
sheep,  for  example,  the  salivary  glands  are  very  large. 

The  passage  by  which  the  masticated  food  is  conveyed 
from  the  mouth  to  the  stomach,  is  termed  the  oesophagus. 
Like  the  whole  frame,  the  oesophagus  is  admirably  adapted 
for  its  office ;  and  in  different  animals,  varies  in  size  and 
structure,  according  to  their  habits.  These  differences, 
however,  scarcely  concern  us  at  present,  and  we  pass  on  to 
that  important  organ — the  Stomach. 

The  human  stomach  is  a  membranous  bag,  of  a  shape 
rather  difficult  to  be  described,  so  as  to  convey  a  clear 
notion  of  it  to  the  reader.  If  we  imagine  two  cones  united 
at  their  bases,  and  the  figure  thus  produced  to  be  bent 
into  a  semicircular  form,  some  idea  may  be  obtained  of 
the  outline  of  the  stomach  in  the  human  species.  In  re¬ 
spect  to  its  size ;  the  human  stomach  varies :  -but  in  the 
adult,  its  capacity  is  usually  such  as  to  contain  about  two 
or  three  pints.  The  stomach  is  situated  immediately 
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under  the  diaphragm  ;  but  the  precise  place  of  the  organ 
differs  somewhat  with  its  state  of  repletion.  The  general 
position  of  the  stomach  is  transverse ;  or  horizontal,  sup¬ 
posing  the  body  to  be  upright :  the  left  orifice,  or  cardia , 
which  communicates  with  the  oesophagus,  being  somewhat 
higher  than  the  right  orifice,  th e  pylorus,  through  which 
the  food  is  transmitted  to  the  further  portion  of  the  ali¬ 
mentary  canal.  The  upper  space  between  the  two  orifices 
is  usually  termed  the  small  curvature;  the  lower  space, 
the  great  curvature,  of  the  stomach.  Numerous  glands 
occupy  the  internal  surface  of  the  stomach,  particularly 
near  its  pyloric  orifice.  By  these  glands  a  fluid  is  secreted 
of  the  highest  importance  in  the  digestive  functions.  On 
the  nature  of  that  fluid  we  shall  enlarge  hereafter. 

Such  is  the  stomach  of  man :  but  in  other  animals,  the 
form  and  the  magnitude  of  the  organ  vary  almost  infi¬ 
nitely  according  to  the  nature  of  their  food,  and  various 
circumstances.  We  can,  at  present,  notice  only  two  or 
three  of  the  most  remarkable  diversities.  The  stomach  of 
most  carnivorous  animals,  bears  a  resemblance  to  the 
stomach  of  man.  There  is  also  a  resemblance,  at  least 
externally,  in  certain  herbivorous  animals ;  as  in  the  horse, 
the  rabbit,  and  others.  The  internal  arrangements,  how¬ 
ever,  are  dissimilar ;  thus,  in  the  herbivorous  animals  we 
have  mentioned,  the  left  or  cardiac  half  of  the  stomach  is 
lined  with  cuticle  ;  while  the  other  half,  toward  the  pylo¬ 
rus,  has  the  usual  villous  and  secreting  surface.  Hence, 
these  two  portions  of  the  stomach  perform  very  different 
offices,  and  generally  contain  food  in  very  different 
states  of  reduction.  But  the  most  complicated  and  artifi¬ 
cial  arrangements,  both  with  respect  to  the  structure  of 
the  parts,  and  the  lining  membranes,  are  found  in  the 
well-known  four  stomachs  of  animals  that  ruminate 
and  have  divided  hoofs;  as  the  cow  and  the  sheep.  We 
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shall  endeavour  to  give  a  general  description  of  these  four 
stomachs.  The  first  stomach  is  denominated  the  Paunch , 
and  in  the  adult  animal  is  by  far  the  largest.  The  second 
stomach  follows,  and  may  be  regarded  as  a  globular  ap¬ 
pendage  to  the  paunch  ;  from  which  it  is  distinguished, 
principally,  by  the  regular  and  beautiful  distribution  of  its 
internal  membrane  into  polygonal  cells.  The  third  stomach 
is  the  smallest  of  the  four ;  and  is  the  most  remarkable  in 
its  structure  :  its  capacity  is  much  diminished  by  numerous 
and  broad  duplicatures  of  its  internal  membrane,  which  are 
placed  lengthwise,  and  vary  in  breadth  in  a  regular  order. 
The  fourth  stomach  is  next  in  size  to  the  paunch,  and  is 
lined  with  a  villous  membrane,  similar  to  the  villous  mem¬ 
brane  of  the  human  stomach,  which  this  fourth  stomach 
may  be  supposed  to  represent ;  the  three  preceding 
stomachs  having  been  evidently  intended  to  prepare  the 
refractory  food  of  the  animal  for  the  true  digestive  pro¬ 
cess,  undergone  in  this  last  stomach.  Every  one  is  ac¬ 
quainted  with  the  fact  that  animals  furnished  with  the 
gastric  arrangements  above  described,  ruminate ;  that  is 
to  say,  have  the  faculty  of  masticating  a  second  time,  and 
at  their  leisure,  the  food  which  had  been  hastily  swallowed, 
and  deposited  in  their  first  stomach.  The  contrivance  by 
which  rumination  is  effected  is  very  beautiful;  and  is 
connected  with  thepeculiar  arrangement  already  mentioned 
of  the  four  stomachs,  with  respect  to  the  oesophagus  :  but, 
as  it  would  not  be  easy  to  give,  in  few  words,  more  than  a 
general  outline  of  the  stomachs  of  ruminating  animals ; 
for  a  particular  description  of  them,  we  must  refer  the 
reader  to  anatomical  works.  The  only  other  modification 
of  the  stomach  we  shall  notice,  is  that  which  exists  in 
some  birds;  as  for  example,  in  the  common  fowl.  The 
common  domestic  fowl,  as  well  as  many  similar  birds,  has 
a  sort  of  preliminary  stomach,  termed  the  crop ,  formed  by 
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an  expansion  of  the  oesophagus.  In  the  crop,  the 
hard  seeds,  and  other  compact  substances  birds  devour, 
are  macerated  and  softened,  and  perhaps  undergo  further 
changes,  before  they  enter  the  proper  stomach,  to  be  next 
considered.  The  proper  stomach,  or  gizzard ,  of  birds,  is 
a  hollow  muscle  of  great  strength,  lined  with  a  firm  and 
thick  epidermis,  disposed  in  rugae,  and  admirably  adapted 
for  triturating  the  hard  matters  which  constitute  their 
food.  The  small  stones,  these  birds  constantly  swallow, 
seem  also  to  promote  this  trituration. 

We  have  given  the  above  short  sketch  of  the  structure 
of  the  stomachs  of  animals,  not  only  that  we  might  impart 
to  the  general  reader  a  faint  conception  of  the  extraordi¬ 
nary  design  manifested  in  that  structure  ;  but  to  enable 
us  to  show  the  object  of  diversity  of  structure,  when  we 
come  to  speak  of  the  function  of  digestion  a  little  more 
in  detail. 

After  the  stomach  we  proceed  to  the  consideration  of 
the  Intestinal  Canal .  In  man,  and  in  the  more  perfect 
animals,  this  canal  assumes  two  well  marked  forms ; 
usually  termed,  from  their  relative  size,  the  small  and 
the  large  intestines.  In  most  animals  resembling  man, 
the  small  intestines  are  the  longest,  and  their  internal 
surface  is  villous.  The  coats  of  the  large  intestines  are 
thicker,  and  the  membrane  with  which  they  are  lined  is 
very  rarely  villous.  The  first  portion  of  the  small  intes¬ 
tines,  from  its  supposed  length  in  man,  termed  the  duode¬ 
num ,  or  twelve-inch  intestine,  begins  from  the  pyloric 
orifice  of  the  stomach  ;  and,  in  many  animals  has  a  course 
not  easy  to  be  described,  so  as  to  be  intelligible  to  the 
general  reader.  The  duodenum  terminates  in  the  second 
portion  of  the  small  intestines,  called  the  jejunum,  from  its 
being  usually  empty.  The  duodenum  is  secured  in  its 
position  by  various  attachments:  in  this  fixedness,  the 
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duodenum  differs  from  the  stomach  and  other  parts  of  the 
intestinal  canal,  which  are  comparatively  loose  and  float¬ 
ing.  The  unaltered  position  of  the  duodenum  appears  to 
serve  many  wise  purposes,  on  which  we  cannot  dwell  here; 
but  one  purpose  probably  is,  to  ensure  the  easy  and  regu¬ 
lar  passage  of  the  bile  and  the  pancreatic  fluids  into  this 
part  of  the  canal.  As  the  organs  producing  these  im¬ 
portant  fluids  are  fixed,  the  conducting  tubes  necessarily 
require  also  to  be  connected  with  a  fixed  organ  ;  otherwise 
the  passage  of  the  fluids  from  the  secreting  organs  to  the 
intestine,  would  be  constantly  liable  to  interruption.  The 
duodenum  is  very  highly  organized  ;  and  its  functions  are 
probably  not  less  important  than  even  the  functions  of  the 
stomach.  The  remainder  of  the  small  intestines  is  divided 
into  the  jejunum  already  mentioned,  and  the  ilium  ;  but 
the  precise  place  where  one  ends,  and  the  other  begins,  is 
scarcely  definable  ;  nor  are  the  differences  of  structure 
between  the  two  so  obvious,  as  to  require  to  be  noticed  in 
this  place. 

The  large  intestines  exceed  the  small  intestines  in  dia¬ 
meter,  but  are  considerably  shorter  :  their  form  and  struc¬ 
ture  are  also  different.  The  first  division  of  this  portion 
of  the  alimentary  canal  is  termed  the  ccecum  ;  and,  in  man 
at  least,  may  be  considered  as  little  more  than  the  head 
or  commencement  of  the  next  division  of  the  large  intes¬ 
tines,  termed  the  colon.  The  colon  is  of  much  greater 
diameter  than  any  other  part  of  the  intestinal  canal,  and 
constitutes  almost  the  entire  length  of  the  large  intes¬ 
tines.  The  colon  begins  low  down  on  the  right  side  of 
the  abdomen,  then  ascending  to  the  level  of  the  stomach, 
passes  across  to  the  left  side,  immediately  below  the 
stomach.  On  the  left  side,  the  colon  descends  again,  and 
at  the  same  time,  forms  what  is  called  the  sigmoid  flexure. 
The  colon  and  the  alimentary  canal  at  length  terminate 
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in  what  is  named  the  rectum.  The  texture  of  the  colon 
is  much  thicker  than  the  texture  of  any  other  portion  of 
the  canal.  The  organization,  also,  of  the  colon  is  peculiar ; 
and,  like  the  whole  arrangement,  wonderfully  adapted  for 
the  purposes  which  this  portion  of  the  canal  is  supposed  to 
fulfil  in  the  animal  economy. 

Such  is  a  short  account  of  the  alimentary  canal  in  man. 
We  shall  now  state  some  of  the  more  remarkable  diver¬ 
sities  observed  in  the  lower  animals. 

One  of  the  most  striking  circumstances  relative  to  the 
alimentary  canal  in  animals,  is  its  various  lengths  in  the 
different  classes.  The  length  of  the  alimentary  canal  in 
man,  and  in  other  omnivorous  animals,  is  intermediate  to 
that  of  carnivorous  animals  on  the  one  hand,  and  of  her¬ 
bivorous  animals  on  the  other.  In  man,  the  whole  length 
of  the  canal  is  about  six  or  seven  times  the  length  of  his 
body ;  while  in  carnivorous  animals  the  canal  is  only 
about  three  or  five  times  the  length  of  their  bodies ; 
and  in  graminivorous  animals,  as  in  the  sheep,  the  length 
of  the  canal  is  twenty-seven  times  that  length.  In  other 
herbivorous  animals,  the  length  of  the  canal  varies  from 
twelve  to  sixteen  times  the  length  of  their  bodies.  In 
most  birds  the  alimentary  canal  is  much  shorter  than  in 
quadrupeds ;  the  length  in  general,  being  between  twice 
and  five  times  that  of  their  bodies :  while  in  many  reptiles 
and  fish,  the  length  of  the  canal  scarcely  exceeds  that  of 
the  body :  in  some  fish  it  is  even  less  ;  as  for  example,  in 
the  shark.  There  are  animals,  vegetable  feeders,  the 
length  of  whose  alimentary  canal  is  not  so  great,  as 
above  stated ;  the  deficiency  of  length  being  appa¬ 
rently  made  up  in  breadth.  Thus,  in  the  horse,  the 
stomach  is  simple,  and  not  much  developed,  when  com¬ 
pared  with  the  size  of  the  animal ;  nor  are  the  intestines 
very  remarkable  for  their  length  ;  but  the  coeeum  and  the 
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large  intestines  are  enormously  expanded  in  diameter. 
The  ccecum  of  the  horse  seems  to  perform  many  of  the 
offices  of  a  second  stomach,  and  is  of  fully  equal  capacity. 
There  are  in  animals,  many  other  beautiful  arrangements 
of  the  digestive  organs,  which  we  shall  pass  without 
further  notice ;  as  our  desire  is  to  inform  the  reader, 
merely  of  the  general  connexion  and  adaptation  of  the 
structure  of  animals,  to  the  food  on  which  they  live.  It 
remains  to  conclude  this  outline  of  the  digestive  organs, 
with  a  few  words  regarding  those  almost  invariable  ac* 
eompaniments  of  the  alimentary  canal, — the  liver ,  the 
; pancreas ,  and  the  spleen. 

The  liver  is  the  largest  glandular  apparatus  in  the  body  ; 
and  one  of  its  principal  offices  is  to  secrete  the  Bile  ; 
which  secretion,  as  before  observed,  enters  the  intestines, 
near  the  commencement  of  the  duodenum.  The  general 
situation  of  the  human  liver,  is  in  the  upper  part  of  the 
abdomen,  under  the  ribs  on  the  right  side ;  from  whence 
it  extends  more  or  less  to  the  region  of  the  stomach,  and 
in  some  instances,  even  to  the  left  side.  The  appearance 
and  form  of  the  liver,  are  too  well  known  to  require 
description  here ;  while  to  those  who  are  unacquainted 
with  these  particulars,  they  cannot  be  adequately  made 
known  by  words.  In  man,  and  the  greater  number  of 
animals,  the  bile  is  collected  in  a  small  bag,  termed  from 
its  office  the  gall-bladder.  The  animals  wanting  a  gall¬ 
bladder  are  chiefly  vegetable  feeders  ;  as  the  horse  and  the 
goat  among  quadrupeds,  the  pigeon  and  the  parrot  among 
birds.  On  the  contrary,  most  amphibia  have  a  gall-blad¬ 
der  ;  but  it  exists  in  few  animals  lower  in  the  zoological 
scale.  The  liver  assumes  a  variety  of  forms  in  different 
animals.  In  many,  and  particularly  in  carnivorous,  ani¬ 
mals,  the  liver  is  more  divided  than  in  man  :  while  in 
ruminating  animals,  also  in  the  horse,  the  hog,  and  others, 
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its  divisions  are  not  more  numerous  than  in  man.  The 
liver  of  birds  consists  of  two  lobes  of  equal  size. 

Tli e  pancreas,  or  sweet-bread ,  is  a  large  gland,  which, 
in  the  human  body,  lies  across  the  upper  and  back  part 
of  the  abdomen,  behind  the  stomach ;  and  'between  the 
liver  and  the  spleen.  The  pancreas  is  composed  of 
numerous  small  glands,  whose  ducts  unite  and  form 
the  pancreatic  duct.  In  man  the  pancreatic  duct  joins 
the  gall  duct,  at  its  entrance  into  the  duodenum;  and 
thus  the  peculiar  secretion  of  the  pancreas  is  poured 
into  that  intestine,  commingled  with  the  bile.  In  ani¬ 
mals,  the  pancreas,  like  the  liver,  is  much  varied  in  its 
form ;  and  its  duct,  instead  of  entering  with  the  biliary 
duct,  often  joins  the  intestinal  canal  separately;  as  in  the 
hare  and  others.  In  fishes  the  pancreas  is  wanting ; 
but  what  are  termed  the  coecal  appendages,  are  supposed 
to  have  a  similar  office.  The  nature  of  the  pancreatic 
fluid  will  be  considered  presently. 

The  human  spleen  is  situated  in  the  upper  and  left 
side  of  the  abdomen.  Its  shape  is  oblong,  and  its  colour 
a  deep  mulberry ;  more  nearly  resembling  the  colour  of 
the  liver  than  of  any  other  organ.  The  spleen  has  no 
excretory  duct ;  and  its  use  is  very  little  understood. 
Among  the  less  perfect  animals,  the  spleen  is  much 
smaller  than  in  animals  whose  structure  resembles  the 
structure  of  man :  and  where  there  is  more  than  one 
stomach,  the  spleen  is  always  attached  to  the  first  stomach. 
The  situation  also  of  the  spleen  varies  in  the  less  perfect 
animals  :  thus  the  spleen  of  the  frog  is  fixed  in  the  me¬ 
sentery. 

We  proceed  to  notice,  very  briefly,  the  peculiar  circu¬ 
lation  of  the  blood  in  the  abdominal  viscera ;  together 
with  the  character  and  agency  of  that  portion  of  the 
nervous  system,  which  is  connected  with  the  digestive 
and  assimilating  functions  of  animals. 
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In  the  general  circulation  of  the  blood  through  an 
animal  body ;  a  large  tube  or  artery,  communicating  with 
the  heart,  is  gradually  subdivided  as  it  is  prolonged  from 
that  organ,  till  its  subdivisions  finally  become  impercep¬ 
tible.  The  arteries,  in  this  state  of  minute  subdivision, 
assume  the  character  of  veins.  The  veins,  in  their  pro¬ 
gress,  undergo  a  change,  the  reverse  of  the  change 
undergone  by  the  arteries :  they  unite  gradually,  and,  at 
length,  form  one  or  two  principal  tubes,  which  proceed  to 
the  side  of  the  heart  opposite  to  where  the  artery  origi¬ 
nates.  Such  is  the.  circulation  of  the  blood  through  the 
body  generally :  the  circulation  through  the  lungs  is 
merely  a  repetition  of  the  same  arrangement.  Through¬ 
out  the  body,  therefore,  the  general  motion  of  the  blood 
in  arteries  is  from  greater  to  smaller  tubes :  while  in  the 
veins,  the  motion  is  from  smaller  to  greater  tubes.  By  a 
beautiful  provision,  the  veins  are  also  furnished  with  valves; 
which  most  effectually  prevent  the  regurgitation  of  the 
blood  :  without  such  valves,  the  blood  could  scarcely  flow 
in  a  regular  stream. 

The  circulation  of  the  blood  through  the  organs  of  diges¬ 
tion,  presents  a  remarkable  exception  to  the  general  cir¬ 
culation.  The  venous  blood,  from  the  organs  of  digestion, 
is  submitted  to  a  preliminary  arterializing  process  in  the 
liver ;  before  it  is  remingled  with  the  venous  blood  from  the 
rest  of  the  body.  That  is  to  say,  the  veins  from  the  organs  of 
digestion,  unite  into  one  large  tube  termed  the  vena portce  ; 
which  tube,  entering  the  liver,  is  there  again  subdivided, 
in  the  same  manner  as  an  artery.  These  ultimate  subdi¬ 
visions  of  the  vena  portce ,  together  with  the  similar  sub¬ 
divisions  of  the  proper  artery  of  the  liver,  coalesce ;  and 
from  the  blood  thus  mixed,  the  bile  is  separated.  The 
coalesced  blood  vessels  assuming  the  character  of  veins, 
then  gradually  unite,  and  at  length  form  two  or  three 
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large  tubes,  which  empty  themselves  into  the  general 
veins  going  to  the  heart ;  while  the  hepatic  ducts,  uniting 
in  like  manner,  convey  the  bile  to  the  gall-bladder.  Such 
are  the  principal  facts  connected  with  the  circulation  of 
the  blood  in  the  abdominal  viscera;  and  with  the  secre¬ 
tion  of  the  bile.  We  shall  soon  have  occasion  to  bring 
them  to  the  recollection  of  the  reader. 

When  treating  of  organic  agents,  we  noticed  the  pro¬ 
bability  of  the  opinion,  that  in  living  beings  there  exists 
a  series  of  agencies  gradually  raised  one  above  another  ; 
each  agency  having  more  or  less  control  over  all  the 
agencies  below  itself.  Now,  in  the  digestive  and  assimi¬ 
lating  functions,  we  appear  to  have,  as  we  might  expect, 
the  lowest  of  these  organic  agencies.  The  agencies 
operating  in  digestion,  and  in  the  first  stages  of  assimila¬ 
tion  are,  in  man,  the  same  perhaps,  that  exist  in  all 
organized  beings,  vegetable  as  well  as  animal ;  and  are 
only  a  few  degrees,  as  it  were,  above  the  agencies  of  mere 
inorganic  matter ;  in  other  words,  those  agencies  control 
material  forces,  and  cause  the  primary  elements  of 
matter  to  unite  into  organized  forms.  We  draw  the 
conclusion  that  such  control  is  exerted,  not  less  from  the 
phenomena  of  assimilation  than  from  the  peculiar  character 
of  the  nerves,  distributed  over  the  digestive  organs ;  the 
effects  of  which  nerves,  as  we  shall  presently  endeavour  to 
show,  approach  more  nearly  to  the  effects  of  common  che¬ 
mical  agents,  than  to  those  of  any  agent  belonging  to  the 
animal  economy.  These  nerves  compose  what,  from  their 
peculiar  structure,  are  termed  the  ganglionic  nerves.  In 
animals  of  the  very  lowest  kind,  the  ganglionic  nerves 
alone  appear  to  exist ;  and  though,  in  the  more  perfect 
animals,  the  ganglionic  nerves  are  connected  with  other 
nerves  of  a  higher  character,  the  ganglionic  nerves  always 
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form  alone,  a  peculiar  system ;  the  functions  of  which 
seem  to  be  of  the  subordinate  character  above  stated. 

2.  Of  Alimentary  Substances. — It  may  be  considered 
as  a  general  rule,  that  organized  beings  adopt,  as  aliments, 
substances  lower  than  themselves  in  the  scale  of  organiza¬ 
tion  ;  or  substances  which  if  not  originally  lower,  are  in 
some  measure  lowered,  by  certain  spontaneous  changes 
they  undergo.  There  are,  of  course,  innumerable  excep¬ 
tions  to  this  rule :  but  viewing  the  whole  of  animated 
beings,  it  seems  to  be  a  law  of  nature.  Thus  plants,  and 
perhaps  the  very  lowest  kinds  of  animals,  have  the  power 
of  assimilating  carbonic  acid  gas  :  the  powers  of  assimila¬ 
tion  of  plants,  and  of  such  animals,  may  also  extend  to 
other  inorganic  compounds  of  carbon — indeed  plants  and 
zoophytes  appear  to  derive  their  chief  nourishment  from 
matters  of  that  nature.  Higher  in  the  zoological  scale, 
we  find  that  animals  of  prey  almost  invariably  devour 
those  other  animals  which  are  inferior  to  themselves, 
either  in  magnitude,  in  organization,  or  in  intelligence ;  till 
we  arrive  at  man  himself.  He,  as  his  necessities,  or  his  fan¬ 
cies  may  dictate,  appropriates  every  nourishing  substance, 
even  carbonic  acid  gas  ;  which  the  human  stomach  seems 
to  have  the  capacity  of  assimilating,  in  common,  probably, 
with  the  stomachs  of  all  animals.  Of  course  a  lion,  or 
even  a  crab,  can  feed  on  the  body  of  a  man,  as  well  as  on 
that  of  an  ox  or  of  an  insect.  But  no  one,  we  presume, 
will  assert,  that  man  is  the  natural  prey  or  food  of  these 
animals ;  and  such  alone  is  the  degree  of  immunity,  for 
which  we  here  contend  :  in  all  the  operations  of  nature, 
we  must  try  to  discover  and  bear  in  mind,  not  the  excep¬ 
tion,  but  the  rule ;  otherwise  we  shall  be  constantly  liable 
to  error. 


f  f  2 


CHEMISTRY  OF  ORGANIZATION. 


430 


By  this  beautiful  arrangement  in  the  mode  of  their 
nutrition,  the  more  perfect  animals  are  exonerated  from 
the  toil  of  the  initial  assimilation  of  the  materials  com¬ 
posing  their  frame ;  since  the  constituent  elements  of 
their  food  are  already  in  that  order  which  is  adapted  for 
their  purpose.  Hence  the  assimilating  organs  do  not  re¬ 
quire  the  complication,  which  would  otherwise  have  been 
necessary ;  and  much  elaborate  organization  is  saved. 
Striking  illustrations  of  this  abridgement  of  organization, 
are  afforded  by  the  differences  before  mentioned,  between 
the  assimilating  apparatus  of  carnivorous  and  of  grami¬ 
nivorous  animals.  According  to  the  scale  which  this 
difference  exhibits,  we  can  form  some  conception  of  the 
complication  which  would  have  been  requisite,  to  enable 
such  an  animal  as  man  to  feed,  like  a  plant,  on  carbonic 
acid  gas ;  or  carburetted  hydrogen ;  or  on  any  other  sim¬ 
ple  compound  of  carbon. 

Another  great  purpose  is  effected  by  this  arrangement 
regarding  the  food  of  animals ;  without  which,  organiza¬ 
tion,  as  at  present  constituted,  could  hardly  exist.  If 
organized  beings  did  not  prey  on  each  other,  their  remains 
would  accumulate  in  such  quantity,  as  to  be  nearly  incom¬ 
patible  with  life ;  certainly  with  animal  life  in  its  most 
perfect  condition,  as  it  is  at  present  known  to  us.  But  by 
the  arrangement  that  animals  are  food  to  each  other ;  not 
only  is  an  opportunity  afforded,  for  the  existence  of  a 
greater  number  of  animals,  and  of  a  greater  variety 
among  them  ;  but  the  obtrusion  of  the  bodies  of  animals, 
whose  life  has  become  extinct,  is  entirely  prevented  :  nor 
is  the  removal  of  dead  animal  matter  the  only  good 
accomplished,  but  many  other  important  results  are 
obtained.  To  enter  upon  the  consideration  of  these  other 
results,  would  be  foreign  to  our  present  object.  There  is, 
however,  one  consequence  of  this  system  of  universal 
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voracity,  which  more  immediately  concerns  us,  since  it  is 
of  a  nature  so  comprehensive,  as  to  suggest  a  natural 
classification  of  alimentary  substances :  we  allude  to  the 
similarity  of  composition  among  the  staminal  proximate 
elements  which  constitute  the  fabric  of  organized  beings. 

In  the  preceding  chapter  we  briefly  described  the  chief 
proximate  elements  of  plants  and  animals,  under  the 
denomination  of  saccharine  proximate  elements ,  oleaginous 
proximate  elements ,  and  albuminous  proximate  elements. 
Without  entering  again  into  details  respecting  these 
three  great  classes  of  proximate  elements,  we  may  remind 
the  reader,  that  the  saccharine  class  or  group  of  proximate 
elements  is  chiefly  derived  from  vegetables,  of  which 
they  may  be  considered  as  characteristic — that  the  oleagi¬ 
nous  class  or  group  of  proximate  elements  is  common 
both  to  plants  and  animals — that  the  albuminous  class 
or  group  of  proximate  elements,  though  found  in  small 
quantities  in  vegetables,  may  be  considered  as  the  cha¬ 
racteristic  proximate  principles  of  animals.  Finally, 
that  the  albuminous  proximate  elements  differ  from  the 
saccharine  and  oleaginous  elements  by  containing  azote . 
These  three  great  classes  or  groups  of  proximate  ele¬ 
ments,  together  with  water,  constitute,  as  we  have  said, 
the  four  staminal  elements  of  which  all  organized  bodies 
are  essentially  composed. 

When  treating  of  the  three  great  staminal  elements  of 
organized  bodies  in  the  preceding  chapter,  we  remarked, 
that  without  any  alteration  of  their  intimate  constitution, 
they  are  capable  of  assuming  an  infinite  variety  of  modified 
forms;  many  of  which  are  so  peculiar,  that  from  their 
sensible  properties,  it  is  very  difficult  to  recognize  their 
identity.  Moreover,  these  staminal  elements,  in  all  their 
forms,  are  capable  of  readily  passing  into  one  another,  and 
of  combining  with  each  other ;  at  least  the  organic 
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agents,  as  we  shall  see  hereafter,  have  the  power  of 
effecting  such  changes.  Further,  these  staminal  elements 
are  all  susceptible  of  transmutation  into  other  proximate 
elements,  according  to  certain  laws :  thus  the  saccharine 
element  is  readily  convertible  into  the  acid,  termed  oxalic ; 
or,  under  other  circumstances,  into  the  modification  of  the 
oleaginous  proximate  element,  alcohol.  Though  an  end¬ 
less  variety  of  these  modifications  of  the  staminal  ele¬ 
ments  exist  in  different  organized  beings,  accompanied 
by  many  extraneous  matters ;  still  the  proportion  these 
modifications  of  the  staminal  elements  bear  to  the  staminal 
elements  themselves,  is  very  limited ;  and  they  are  either 
confined  to  glandular  secretions  ;  or  are  excrementitious ; 
or  extra  vascular :  that  is  to  say,  these  modifications  and 
combinations  of  the  staminal  elements  form  no  part  of  the 
living  animal ;  though  they  are  attached  to  it :  as  in  the 
case  of  the  various  products  of  secretion ;  the  shells  of 
the  molluscous  tribes :  and  many  others. 

The  consequence  then,  to  which  we  before  alluded  is  ; 
that  as  all  the  more  perfect  organized  beings  feed  on  other 
organized  beings,  their  food  must  necessarily  consist  of  one 
or  more  of  the  three  staminal  elements  of  organization. 
Hence,  it  not  only  follows,  as  before  observed,  that  in  the 
more  perfect  animals,  all  the  antecedent  labour  is  avoided, 
of  preparing  these  staminal  elements  from  the  primary 
elements  of  matter ;  but  that  a  diet  to  be  complete,  must 
contain  more  or  less  of  all  the  three  staminal  elements. 
Such,  at  least,  must  be  the  diet  of  the  higher  classes  of 
animals,  and  especially  of  man.  It  cannot  indeed  be 
doubted  that  many  animals,  on  an  emergency,  have  the 
power  of  forming  a  chyle  from  one  only  of  the  three  classes 
of  aliments ;  but  that  any  of  the  higher  animals  can  be  so 
nourished  for  an  unlimited  time,  is  exceedingly  improba¬ 
ble.  Nay,  if  we  judge  according  to  what  is  known  from 


FOOD  OF  ANIMALS. 


439 


universal  observation,  as  well  as  from  experiments  which 
have  been  actually  made  by  physiologists  regarding  food  ; 
we  are  led  to  the  directly  opposite  conclusion :  namely, 
that  the  more  perfect  animals  could  not  exist  on  one  class 
of  aliments ;  but  that  a  mixture,  of  two  at  least,  if  not  of 
all  the  three  staminal  proximate  elements  of  organic  mat¬ 
ter,  is  necessary  to  form  an  alimentary  compound  well- 
adapted  to  their  use. 

This  view  of  the  nature  of  aliments  is  singularly  illus¬ 
trated  and  maintained  by  the  familiar  instance  of  the  com¬ 
position  of  Milk.  .  All  other  matters  appropriated  by 
animals  as  food,  exist  for  themselves ;  or  for  the  use  of 
the  vegetable  or  animal  of  which  they  form  a  constituent 
part.  But  milk  is  designed  and  prepared  by  nature  ex¬ 
pressly  as  food  :  and,  milk  is  the  only  material  throughout 
the  range  of  organization  that  is  so  prepared.  In  milk, 
therefore,  we  should  expect  to  find  a  model  of  what  an 
alimentary  substance  ought  to  be — a  kind  of  prototype,  as 
it  were,  of  nutritious  materials  in  general.  Now,  every 
sort  of  milk  that  is  known,  is  a  mixture  of  the  three  sta¬ 
minal  elements  we  have  described ;  in  other  words,  milk 
always  contains  a  saccharine  element,  a  butyraceous  or 
oily  element,  and  a  caseous ,  or  strictly  speaking,  an  albu¬ 
minous  element.  Though,  in  the  milk  of  different  ani¬ 
mals,  these  three  staminal  elements  exist  in  endlessly 
modified  forms,  and  in  very  different  proportions ;  yet 
neither  of  the  three  is  at  present  known  to  be  entirely 
wanting  in  the  milk  of  any  animal. 

Of  all  the  evidences  of  design  in  the  whole  order  of 
nature,  Milk  affords  one  of  the  most  unequivocal.  No  one 
can  for  a  moment  doubt  the  object  for  which  this  valu¬ 
able  fluid  is  prepared.  No  one  can  doubt  that  the  appa¬ 
ratus  by  which  milk  is  secreted  has  been  formed  specially 
for  its  secretion.  No  one  will  maintain  that  the  apparatus 
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for  the  secretion  of  milk  arose  from  the  wishes  or  the 
wants  of  the  animal  possessing  the  apparatus  ;  or  from  any 
fancied  plastic  energy.  On  the  contrary,  the  rudiments  of 
the  apparatus  for  the  secretion  of  milk  must  have  actually 
existed  in  the  body  of  the  animal,  ready  for  developement, 
before  the  animal  could  have  felt  either  wants  or  desires. 
In  short,  it  is  manifest  that  the  apparatus  and  its  uses, 
were  designed,  and  made  what  they  are,  by  the  great 
Creator  of  the  universe  ;  and  on  no  other  supposition  can 
their  existence  be  explained. 

The  composition  of  the  substances,  by  which  animals 
are  usually  nourished,  favours  the  mixture  of  the  primary 
staminal  elements  forming  the  basis  of  their  food  ; 
since  most  of  the  substances  are  compounds,  of  at  least 
two,  of  the  staminal  elements.  Thus,  most  of  the  grami¬ 
neous  and  herbaceous  matters  contain  the  saccharine  and 
the  albuminous  elements ;  while  every  part  of  an  animal 
contains  at  least  albumen  and  oil.  Perhaps,  therefore,  it 
is  impossible  to  name  a  substance  constituting  the  food  of 
the  more  perfect  animals,  which  is  not  essentially  a  natural 
compound  of  at  least  two,  if  not  of  all  the  three  proximate 
elements  which  afford  nourishment  to  organized  bodies. 
But  in  the  artificial  diet  of  man,  we  see  this  great  process 
of  mixture  most  strongly  exemjdified.  He,  dissatisfied 
with  the  spontaneous  productions  of  nature,  culls  from 
every  source ;  and  by  the  force  of  his  reason,  or  rather  of 
his  instinct,  forms  in  every  possible  manner,  and  under 
every  disguise,  the  same  great  alimentary  compound. 
This  after  all  his  cooking  and  his  art,  how  much  soever  he 
may  be  disinclined  to  believe  it,  is  the  sole  object  of  his 
labour ;  and  the  more  nearly  his  results  approach  to  this 
object,  the  more  nearly  do  they  approach  perfection. 
Even  in  the  utmost  refinements  of  his  luxury,  and  in  his 
choicest  delicacies,  the  same  great  principle  is  attended 
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to  ;  and  his  sugar  and  flour,  his  eggs  and  butter,  in  all 
their  various  forms  and  combinations,  are  nothing  more 
or  less,  than  disguised  imitations  of  the  great  alimentary 
prototype  milk,  as  furnished  to  man  by  nature.* 

*  These  views  of  aliments  and  of  assimilation  were  first  published  by 
the  Author  in  their  present  form  in  1834,  and  are  now  generally  admitted 
by  physiologists.  They  had  been  partially  made  known  many  years 
before  the  period  stated,  but  attracted  little  notice  in  this  country  till 
they  were  adopted  by  MM.  Liebig  and  Dumas,  through  whose  means 
chiefly  they  have  become  generally  known.  MM.  Liebig  and  Dumas 
have  attempted  to  carry  these  views  further  ;  they  maintain  that  the 
chief  or  only  use  of  saccharine  and  oleaginous  elements  is  to  produce 
animal  heat  by  the  combustion  of  the  carbon  they  contain.  We  dissent 
from  this  opinion,  for  reasons,  some  of  which  will  be  subsequently  noticed. 


CHAPTER  III. 


OF  THE  DIGESTIVE  PROCESS  ;  AND  OF  THE  GENERAL  ACTION 
OF  THE  STOMACH  AND  DUODENUM. 

W E  proceed  now  to  consider  the  most  important  func¬ 
tion  of  the  stomach ;  the  function,  namely,  by  which  the 
assimilation  of  the  food  is  begun.  Before  that  function 
can  be  well  understood,  it  is  necessary  to  take  into  account 
the  influence  of  the  fourth  staminal  element  water,  in 
modifying  the  intimate  constitution,  and  the  peculiar 
properties  of  the  other  three  classes  of  alimentary  sub¬ 
stances.  We  refer  the  reader,  therefore,  in  the  first 
place,  to  what  has  been  said  on  the  modifying  influence 
of  water  in  the  preceding  chapter. 

The  operations  of  the  stomach,  viewed  as  a  whole,  may 
be  stated  as  follows  : — 

First.  The  stomach  has  the  power  of  dissolving  alimen¬ 
tary  substances,  or, ’at  least  of  bringing  them  to  a  semifluid 
state.  This  operation  seems  to  be  altogether  chemical ; 
and  is  probably  effected  by  reducing  the  properties  of  ali¬ 
mentary  substances. 

Secondly.  The  stomach  has,  within  certain  limits,  the 
power  of  changing  into  one  another,  the  simple  proximate 
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elements  of  food,  which  have  been  described  in  the  last 
chapter.  Unless  the  stomach  possessed  such  a  power ;  that 
uniformity  in  the  composition  of  the  chyle,  which  we  may 
imagine  to  be  indispensable  to  the  existence  of  every  ani¬ 
mal,  could  not  be  preserved.  This  part  of  the  operations  of 
the  stomach,  appears,  like  the  reducing  process,  to  be 
chemical ;  but  not  so  easy  of  accomplishment : — it  may  be 
termed  the  converting  operation  of  the  stomach. 

Thirdly.  The  stomach  must  have,  within  certain  limits, 
the  power  of  organizing  and  vitalizing  the  different  alimen¬ 
tary  substances  ;  so-  as  to  render  them  fit  for  being  brought 
into  more  intimate  union  with  a  living  body,  than  the  crude 
aliments  can  be  supposed  to  be.  It  is  impossible  to  ima¬ 
gine,  that  this  organizing  agency  of  the  stomach  can  be 
chemical.  This  agency  is  vital,  and  its  nature  is  com¬ 
pletely  unknown. 

First.  Of  the  Reducing  Powers  of  the  Stomach . — In 
order  to  render  more  intelligible  that  function  of  the 
stomach,  which  is  performed  by  means  of  its  reducing 
power ;  let  us  endeavour  to  trace  the  series  of  phenomena, 
which  appear  to  arise  during  the  conversion  of  simple  al¬ 
buminous  matter  into  the  albumen  of  the  chyme  ;  without 
taking  into  account  any  other  change. 

When  milk  is  introduced  into  the  stomach  of  an  animal, 
as  of  a  dog  ;  it  usually  becomes  solid ;  or,  in  ordinary  lan¬ 
guage,  is  coagulated.  This  coagulation  is  probably  a  mere 
chemical  change ;  for  the  same  change  would,  under 
similar  circumstances,  take  place  out  of  the  body.  That 
is  to  say ;  if  milk,  were  mixed  with  a  fluid  more  or  less 
acid,  like  the  fluid  which  exists  in  the  stomachs  of  animals 
while  the  food  is  undergoing  the  process  of  digestion ;  the 
milk  would  be  coagulated.  There  may  be,  however,  and 
probably  is,  some  object  in  the  change  produced  by  coagu- 
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lation ;  since  the  stomachs  of  animals  are  fitted  to  operate 
chiefly  on  solid  matters.  Admitting  the  object  of  the 
change,  we  can  hardly  consider  the  coagulation  of  milk  to 
be  essential  for  the  subsequent  processes  of  its  digestion ; 
because  gelatine,  a  staminal  element  of  food,  nearly  resem¬ 
bling  albumen  in  its  composition,  undergoes,  under  similar 
circumstances,  no  such  solidifying  change. 

The  albuminous  fluid,  milk,  which  has  by  the  coagu¬ 
lating  influence  of  the  juices  of  the  stomach,  been  solidi¬ 
fied  into  a  mass  or  curd,  is  soon  altered  further ;  more 
especially  that  part  of  the  mass,  immediately  in  contact 
with  the  membrane  of  the  stomach.  The  curdy  mass 
assumes  a  gelatinous  appearance ;  then  each  portion  is 
successively  more  and  more  softened  ;  till  at  length,  the 
whole  becomes  nearly  fluid,  and  after  some  additional  mo¬ 
difications,  gradually  passes  into  the  state  of  chyme. 
Through  all  these  apparent  changes,  however,  the  albumi¬ 
nous  element  has  undergone  no  real  alteration.  What 
was  introduced  into  the  stomach  as  an  albuminous  fluid, 
is  still  albumen  in  the  chyme ;  at  least  chemists  have  pro¬ 
nounced  it  to  be  so.  Yet  the  albumen  has  assumed  an 
appearance  altogether  different.  Albumen,  or  milk,  out 
of  the  stomach,  may  be  coagulated  into  a  comparatively 
firm  solid.  The  albumen  of  the  chyme  is  indeed  coagu- 
lable  by  heat ;  but  its  coagulation  is  so  imperfect,  and  so 
wanting  in  tenacity,  as  to  offer  a  striking  contrast  with 
the  coagulated  albumen  of  the  egg,  or  solid  curd.  What 
then,  in  the  stomach,  has  happened  to  the  albumen  ? 
Viewing  only  its  susceptibility  of  coagulation,  the  albumi¬ 
nous  element  has  merely  become  chemically  combined 
with  a  portion  of  water.  The  solid  albuminous  curd  has, 
by  this  combination  with  water,  been  reduced  to  the 
weakest  possible  state — to  the  delicate  state,  as  it  were, 
of  infancy  ;  in  short,  to  a  state  precisely  analogous  to 
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that  of  the  weak  sugars,  and  other  organic  compounds, 
comparatively  with  the  strong  and  perfect  varieties  of  the 
same  substances ;  as  described  in  the  preceding  chapter. 

Such  is,  we  believe,  an  accurate  account  of  the  merely 
solvent  or  reducing  powers  of  the  stomach.  We  have 
next  to  show  the  means,  by  which  solution  or  reduction  is 
effected. 

The  process  of  combining  different  substances  with 
water,  and  of  thus  reducing  them  from  a  stronger  to  a 
weaker  condition,  may,  in  some  instances,  and  to  a  certain 
degree,  be  effected  artificially.  But  in  no  instance  do  we 
appear  to  be  able  to  invert  the  process,  or  to  complete 
an  organic  compound,  by  separating  the  compound  from 
the  water  which  enters  into  its  composition.  For  example, 
we  can,  in  some  respects,  make  a  strong  sugar  weak,  but 
we  cannot  change  a  weak  into  a  strong  sugar ;  though 
such  a  change,  within  certain  limits,  seems  to  be,  to  the 
organic  agents,  just  as  easy,  as  the  reducing  process. 

The  different  operations  of  cookery,  as  roasting,  boiling, 
baking,  &c.  have  all  a  reducing  effect ;  and  may,  there¬ 
fore,  be  considered  as  preparatory  to  the  solvent  action  of 
the  stomach.  Of  these  operations,  Man’s  nature  has 
taught  him  to  avail  himself,  and  they  constitute  the  chief 
means  by  which  he  is  enabled  to  be  omnivorous :  for, 
without  such  preparation,  a  very  large  portion  of  the  mat¬ 
ters  which  he  now  adopts  as  food,  would  be  completely 
indigestible.  By  different  culinary  processes,  the  most 
refractory  substances,  can  often  be  rendered  nutritious. 
Thus,  by  alternate  baking  and  boiling,  the  woody  fibre 
itself  may  be  converted  into  a  sort  of  amylaceous  pulp  ; 
not  only  possessing  most  of  the  properties  of  the  amyla¬ 
ceous  element,  but  capable  of  being  formed  into  bread. 

The  culinary  art  engages  no  small  share  of  attention 
among  mankind;  but,  unfortunately,  cooks  are  seldom 
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chemists ;  nor  indeed  do  they  understand  the  most  simple 
of  the  chemical  principles  of  their  art.  Hence,  their 
labour  is  most  frequently  employed,  not  in  rendering 
wholesome  articles  of  food  more  digestible,  which  is  the 
true  object  of  cookery ;  but  in  making  unwholesome 
things  palatable  ;  foolishly  imagining  that  what  is  agree¬ 
able  to  the  palate,  must  be  also  healthful  to  the  stomach. 
A  greater  fallacy  can  scarcely  be  conceived ;  for,  though  by 
a  beautiful  arrangement  of  Providence,  what  is  whole¬ 
some  is  seldom  disagreeable  ;  the  converse  is  by  no  means 
applicable  to  man ;  since  those  things  which  are  pleasant 
to  the  taste,  are  not  unfrequently  very  injurious.  Animals, 
indeed,  for  the  most  part,  avoid,  instinctively,  all  unwhole¬ 
some  food ;  probably  because  every  thing  that  would  be 
prejudicial,  is  actually  distasteful  to  them.  But  as  regards 
man,  the  choice  of  articles  of  nourishment  has  been  left 
entirely  to  his  reason. 

In  order  to  illustrate  the  importance  of  a  judicious 
adaptation  of  cookery;  we  may  observe,  that  the  parti¬ 
cular  function  of  the  stomach,  now  under  consideration, 
namely,  the  dissolving  or  reducing  function,  is  liable  to  very 
great  derangements.  In  some  individuals,  the  reducing 
power  is  so  weak,  that  their  stomach  is  almost  incapable 
of  dissolving  solid  food  of  the  most  simple  kind.  In  such  a 
state  of  the  stomach,  a  crude  diet  of  the  flesh  of  animals  in 
ahardened  state,  or  of  other  compact  substances,  is  little  else 
than  poisonous;  while  the  same  animal  and  vegetable  matters 
often  agree  well,  if  reduced  to  a  pulpy  state.  On  the  other 
hand,  as  in  the  disease  termed  Diabetes,  the  solvent  powers 
of  the  stomach  are  often  inordinately  increased ;  and  every 
article  of  food  is  dissolved  and  absorbed  almost  as  soon  as 
it  is  swallowed.  In  such  cases,  a  diet  and  a  mode  of 
preparation  are  required,  directly  the  reverse  of  those 
which  are  found  to  be  so  beneficial,  when  there  is  a  debi- 
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lity  of  the  solvent  powers  ;  and  aliments  must  be  chosen 
which  are  firm  and  solid,  but  at  the  same  time  nutritious. 

Regarding  the  intimate  nature  of  the  agency,  by  which 
the  combination  of  alimentary  substances  with  water  is 
effected  in  the  stomach,  we  cannot  be  said  to  possess 
much  certain  knowledge.  This  combination  appears  to 
be  chiefly  owing  to  the  agency  of  a  fluid,  secreted  by  the 
stomach  ;  the  glands  for  the  formation  of  which  fluid,  are 
most  numerous  toward  the  pyloric  orifice.  The  aliment 
having  been  previously  broken  down  by  mastication,  and 
having  received  an  admixture  of  saliva  and  of  other  fluids, 
is  brought  into  contact  with  the  juices  secreted  by  the 
stomach  :  by  this  secretion  of  the  stomach,  or  by  some 
other  energy  exerted  in  that  organ,  the  food  which  has 
been  introduced  into  the  stomach  is  associated  with  water  ; 
and  thus  becomes  itself  more  or  less  a  fluid.  Of  this 
important  secretion  of  the  stomach,  chlorme ,  in  some  un¬ 
known  state  of  combination,  is  an  ingredient :  it  would 
seem  a  necessary  ingredient;  for  the  secretion  in  its 
healthy  state,  always  contains  more  or  less  of  chlorine  ; 
the  powerful  influence  of  which  primary  element,  seems 
mainly  to  contribute  toward  effecting  the  union  of  the 
food  with  water. 

The  chlorine,  thus  so  indispensable  to  the  reducing 
process,  is  perhaps  more  frequently  the  subject  of  derange¬ 
ment,  than  anything  concerned  with  the  assimilation  of 
the  food.  It  often  happens  that  instead  of  chlorine,  or  a 
little  free  muriatic  acid,  a  large  quantity  of  free  muriatic 
acid  is  elicited ;  which  free  muriatic  acid  not  only  gives 
rise  to  much  secondary  uneasiness,  but  more  or  less  retards 
the  process  of  reduction  itself. 

The  source  of  this  chlorine  or  muriatic  acid,  in  the 
stomach,  must  be  the  common  salt  which  exists  in  the 

blood  :  to  suppose  that  it  is  generated,  is  quite  unneces- 
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sary.  The  chlorine  is  therefore  secreted  from  the  blood  ; 
and  it  may  be  demanded,  what  is  the  nature  of  the 
agency,  capable  of  separating  chlorine  from  a  fluid  so 
heterogeneous  as  the  blood?  We  are  acquainted  with 
one  agent  that  exerts  such  a  power ;  namely  electricity  : 
and  this  agent,  as  we  formerly  observed,  seems  to  be 
employed  by  the  animal  economy  for  its  operations,  in 
the  same  manner,  and  on  the  same  principles,  as  the 
materials  themselves  are  employed,  from  which  the 
animal  body  is  constructed.  Perhaps,  therefore,  the 
decomposition  of  the  salt  of  the  blood  may  be  fairly 
referred  to  the  immediate  agency  of  this  principle,  elec¬ 
tricity.  But  here  the  question  arises — What  becomes  of 
the  soda  from  which  the  muriatic  acid  has  been  disunited  ? 
The  soda  remains  behind,  of  course,  in  the  blood,  and  a 
portion  of  it,  no  doubt,  is  requisite  to  preserve  the  weak 
alkaline  condition  essential  to  the  fluidity  of  the  blood. 
But  the  larger  part  of  this  soda  is  probably  directed 
to  the  liver,  and  enters  with  the  bile  the  duodenum ; 
where  it  is  thus  again  brought  into  union  with  the  acid, 
which  had  been  separated  from  the  blood  by  the  stomach. 
These  observations,  illustrating  the  importance  of  common 
salt  in  the  animal  economy,  seem  to  explain,  in  a  satis¬ 
factory  manner,  that  instinctive  craving  after  this  sub¬ 
stance,  which  is  shown  by  all  animals. 

Admitting  that  the  decomposition  of  the  salt  of  the 
blood  is  owing  to  the  immediate  agency  of  galvanism  :  we 
have,  in  the  principal  digestive  organs,  a  kind  of  galvanic 
apparatus ;  of  which  the  mucous  membrane  of  the  stomach, 
and  perhaps  the  mucous  membrane  of  the  intestinal  canal 
generally,  may  be  considered  as  the  acid  or  positive  pole  ; 
while  the  hepatic  system  may,  on  the  same  view,  be  con¬ 
sidered  as  the  alkaline  or  negative  pole.  Whether  such 
galvanic  action  be  admitted  or  not ;  and  the  admission  is 
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of  no  very  great  importance ;  what  we  have  above  stated 
may  be  received  as  a  simple  expression  of  the  facts,  in 
so  far  as  they  relate  to  the  saline  constituents  of  the 
blood.  Besides,  whatever  be  the  nature  of  the  energies 
by  which  these  changes  are  effected  ;  along  with  these 
changes,  and  probably  by  the  aid  of  the  same  energies, 
other  very  important  changes  or  processes  are  carried  on, 
to  some  of  which- we  shall  presently  have  occasion  to 
allude.  In  the  mean  time,  we  may  close  this  account  of 
the  preliminary  function  of  the  stomach,  by  noticing  the 
strong  grounds  there  are  to  believe,  that  the  solvent 
power  we  have  described,  or  some  power  having  a 
great  resemblance  to  it,  exists  not  only  in  the  stomach, 
but  in  every  part  of  an  animal  body.  In  all  animals  there 
are  minute  tubes,  called  absorbents,  which  originate  in 
every  part  of  their  bodies,  and  at  length  uniting,  enter  the 
sanguiferous  system  along  with  the  chyle.  Now,  the 
office  of  these  tubes,  is  to  remove  all  the  portions  of  the 
animal  frame,  which  after  having  performed  their  several 
functions,  require  to  be  withdrawn.  Of  course,  before 
solid  parts  can  be  thus  removed,  they  must  be  dissolved, 
(i digested  in  fact)  ;  and  such  solution,  in  many  instances,  is 
probably  effected,  as  it  is  in  digestion,  by  combining  these 
solid  parts  with  water.  This  supposed  analogy  between 
the  solvent  actions  of  the  stomach,  and  those  actions  which 
must  prevail  all  over  the  body,  seems  to  be  strongly  con¬ 
firmed  by  the  similarity  of  structure  and  of  function 
existing  between  the  lacteals  and  the  absorbents :  they 
indeed  form  but  one  system.  We  shall  resume  this  sub¬ 
ject  in  the  next  chapter.* 


*  For  some  further  particulars  regarding  digestion,  the  reader  is  re¬ 
ferred  to  a  Treatise  on  Stomach  and  Renal  Diseases,  by  the  author  of 
the  present  volume.  Book  III.  of  the  Fourth  Edition. 
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Secondly.  Of  the  powers  of  Conversion  possessed  by  the 
Stomach. — Though  the  proportions  of  the  different  ingredi¬ 
ents  of  the  chyle,  as  ultimately  formed,  are  liable  to  be  much 
varied,  according  to  the  nature  of  the  food  ;  yet,  whatever 
the  nature  of  the  food  may  be,  the  general  composition 
and  character  of  the  chyle  remain  always  the  same.  The 
stomach  must,  therefore,  be  endowed  with  a  powder  or 
faculty,  the  agency  of  which  is  to  secure  this  uniform  com¬ 
position  of  the  chyle,  by  appropriate  action  upon  such 
materials  as  circumstances  may  bring  within  its  reach. 
Two  indeed,  of  the  chief  materials  from  which  chyle  is 
formed,  namely,  the  albuminous  and  the  oleaginous  ele¬ 
ments,  may  be  considered  to  be  already  fitted  for  the  pur¬ 
poses  of  the  animal  economy,  without  undergoing  any  es¬ 
sential  change  in  their  composition.  But  the  saccharine 
class  of  alimentary  substances,  which  form  a  very  large 
part  of  the  food  of  all  animals,  except  of  those  subsisting 
entirely  on  flesh,  are  by  no  means  adapted  for  such  speedy 
assimilation.  Indeed,  one  or  more  essential  changes  must 
take  place  in  saccharine  articles  of  diet,  previously  to  their 
conversion,  either  into  the  albuminous,  or  into  the  oleagi¬ 
nous  elements. 

Most  probably,  under  ordinary  circumstances,  these 
essential  changes  are  altogether  chemical ;  that  is  to  say, 
these  changes  are  such  as  do  take  place,  or  rather,  such  as 
would  take  place,  if  the  primary  elements  of  the  sub¬ 
stances  thus  changed  in  the  stomach,  could,  out  of  the 
body,  be  so  collocated,  as  to  bring  into  action  the  affini¬ 
ties  necessary  for  the  changes  produced  in  the  stomach. 
Thus,  as  we  know,  the  proximate  saccharine  element  spon¬ 
taneously  becomes  alcohol ;  which,  as  has  been  stated,  is 
merely  an  oleaginous  body  of  a  weak  kind.#  When, 

*  M.  Liebig  has  adopted  this  notion  of  the  conversion  of  saccharine 
aliments  into  fat.  M.  Dumas,  on  the  contrary,  supposes  that  all  fat 
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therefore,  in  the  stomach,  it  is  requisite  that  sugar  be  con¬ 
verted  into  oil ;  it  is  probable  that  the  sugar  passes  through 
precisely  the  same  series  of  changes,  it  undergoes,  out  of 
the  body,  during  its  conversion  into  alcohol.  We  cannot 
trace  the  conversion  of  sugar  into  albumen ;  because  we 
are  ignorant  of  the  relative  composition,  and  of  the  laws 
which  regulate  the  changes,  of  these  two  substances.  The 
origin  of  the  azote  in  the  albumen,  is  likewise  at  present 
unknown  to  us ;  though  in  all  ordinary  cases,  it  seems  to 
be  appropriated  from  some  external  source.  That  the 
proximate  oleaginous  element  may  be  converted  into 
most,  if  not  into  all  the  matters  necessary  for  the  exist¬ 
ence  of  animal  bodies,  seems  to  be  proved  by  the  well- 
known  fact,  that  the  life  of  an  animal  may  be  prolonged 
by  the  absorption  of  the  oleaginous  matter  contained 
within  its  own  body.  Thus,  many  hybernating  animals, 
when  they  retire  in  autumn,  to  sleep  during  the  winter, 
are  enormously  fat.  But  while  they  sleep,  their  fat  is 
gradually  removed ;  till  they  awake  in  the  spring  quite 
divested  of  it,  and  in  a  state  of  inanition. 

The  reader  will  have  remarked  that  we  have  made  use 
of  the  term  extraordinary  circumstances  ;  and  perhaps  it 
may  be  right  to  explain  what  meaning  we  attach  to  that 
term. 

When  an  animal  is  duly  fed  according  to  that  diet 
which  is  natural  to  it,  and  for  which  its  organization  has 
been  adapted ;  a  regular  and  ordinary  series  of  changes 
takes  place  within  the  animal,  and  the  alimentary  matters 
are  converted  into  chyle.  But  one  general  characteristic 
of  organized  beings  is,  that  within  certain  limits,  and  for 


found  in  animals  is  taken  into  the  system  as  fat,  with  the  food.  We 
have  no  doubt  of  the  accuracy  of  the  opinions  here  advanced  originally, 
and  adopted  by  M.  Liebig. 
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a  certain  time,  they  possess  the  power  of  varying’  their 
habits,  and  of  accommodating'  themselves  to  circumstances. 
Under  extraordinary  circumstances,  therefore,  extraordi¬ 
nary  changes  must,  and  do,  take  place.  In  some  instances, 
these  changes  out  of  the  ordinary  course,  are  to  an  extent 
altogether  astonishing ;  and  such  as  defy  our  utmost  calcu¬ 
lation.  The  assimilating  organs  appear  even  to  decom¬ 
pose  elements  which  are  still  considered  as  primary  ;  nay, 
to  form  azote  or  carbon  ;  so  that  it  is  impossible  to  define 
what,  on  an  emergency,  these  organs  are  capable  of  doing. 
But  what  is  thus  done  by  these  organs  on  an  emergency, 
will,  usually,  be  found  to  constitute  an  exception  to  what 
they  do  in  ordinary ;  their  ordinary  mode  of  action  being 
always  that  which  is  most  simple,  and  which  is  thus  to  be 
considered  as  the  rule.  This  extraordinary  power  of  ac¬ 
commodation  vested  in  organized  beings,  we  consider  to 
be  necessary  to  their  existence. 

Thirdly.  Of  the  Organizing  and  Vitalizing  Powers  of 
the  Stomach . — In  this  part  of  our  investigation,  we  meet 
the  real  difficulties  we  have  to  overcome  in  explaining  the 
operations  of  living  beings.  The  whole  of  the  great  and 
essential  changes  which  alimentary  substances  undergo, 
may,  and  perhaps  will,  be  traced,  by  care  and  attention ; 
but  all  beyond,  will  probably  remain  for  ever  unknown  to 
us.  Now  at  least,  though  we  understand,  in  some  degree, 
the  chemical  changes ;  of  the  vitalizing  influence,  we  in 
truth  know  absolutely  nothing.  There  is,  however,  every 
reason  to  believe  that  vitality  is  imparted  through  the 
agency  of  the  living  animal  itself.  For  though,  from  the 
natural  composition  of  alimentary  substances,  they  are  to 
a  certain  extent,  fitted  for  the  purposes  of  the  animal 
economy  ;  yet,  alone,  they  are  incapable  of  uniting  them¬ 
selves  with  the  animal  frame ;  and  unless  the  living  eco- 
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nomy  contribute  likewise  its  share  of  the  labour,  the  future 
work  of  assimilation  will  be  incomplete. 

Of  the  Changes  the  Food  undergoes  in  the  Duodenum . — 
We  alluded  in  general  terms  to  the  bile  and  the  pan¬ 
creatic  fluids,  when  we  were  treating  of  the  organs  by 
which  these  fluids  are  secreted.  We  have  now  to  consi¬ 
der,  more  particularly,  the  nature  of  these  secretions,  and 
their  share  in  the  performance  of  the  functions  of  the 
duodenum. 

With  the  yellow  colour,  and  the  intensely  bitter  taste 
of  the  bile ,  all  are  familiar : — we  need  not,  therefore, 
dwell  on  the  sensible  properties  of  the  secretion,  but  pro¬ 
ceed  to  notice  its  chemical  composition.  The  chemical 
composition  of  the  bile  is  very  heterogeneous,  though  not 
perhaps  so  heterogeneous  as  has  been  represented ;  since 
it  is  jDrobable  that  many  of  the  ingredients  said  to  be  con¬ 
tained  in  the  secretion,  are  products  which  have  resulted 
from  the  methods  employed  in  its  analysis.  Bile,  like  all 
animal  fluids,  is  composed  essentially  of  water ;  but  the 
solid  matters  contained  in  the  bile,  are  nearly  altogether 
formed  from  one  or  more  proximate  elements,  in  which 
carbon  and  hydrogen  predominate.  These  proximate  ele¬ 
ments  exist,  if  not  in  conjunction,  simultaneously  with 
soda,  with  various  salts  of  soda,  and  with  other  matters. 
The  properties  of  the  bile  vary  somewhat  in  different 
animals  ;  but  in  all  animals  the  peculiar  characters  of  the 
bile  remain  wonderfully  similar. 

We  are  much  less  acquainted  with  the  properties  of  the 
pancreatic  fluid ,  than  with  the  properties  of  the  bile.  The 
pancreatic  fluid  was  formerly  supposed  to  be  of  nearly  the 
same  composition  as  the  saliva ;  but  recent  observations 
have  shown  that  the  pancreatic  fluid  contains  albumen, 
and  a  curdy  substance.  The  pancreatic  fluid  is,  for  the 
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most  part,  in  a  slight  degree  acid,  and  holds  in  solution 
matters  of  a  saline  nature,  closely  resembling  those 
found  in  all  animal  fluids. 

When  the  food  which  has  undergone  the  first  process 
of  digestion  in  the  stomach,  quits  that  organ,  and  enters 
the  duodenum  ;  some  other  changes  of  a  very  remarkable 
kind  take  place.  If  the  food  originally  contained  no  albu¬ 
minous  matter ;  no  albumen  is  developed  in  the  stomach  ; 
but  immediately  on  the  entrance  of  the  semi-fluid  mass 
into  the  duodenum,  and  its  mixture  with  the  bile  and  the 
pancreatic  fluids ;  albuminous,  and  other  chylous  matters, 
become  distinctly  perceptible.  At  the  same  instant,  those 
fluid  parts,  which  in  the  stomach  were  acid,  are  so  far 
altered  by  the  addition  of  the  bile,  and  the  pancreatic 
fluids,  as  to  become  neutral,  or  almost  neutral :  some  gas 
is  frequently  extricated ;  and  that  portion  of  the  food 
which  is  destined  to  be  excrementitious,  is  evidently 
separated.  The  albumen,  which  is  thus  found  to  exist  in 
the  chyme ,  may  be  partly  derived  from  the  pancreatic  fluid, 
which,  as  we  have  already  mentioned,  has  been  said  to 
contain  albumen.  But  the  quantity  of  albumen,  and  of 
other  proximate  elements  of  the  chyle,  that  are  found  in 
the  contents  of  the  duodenum,  at  some  distance  onward 
from  the  pylorus,  is  much  too  great  to  be  explained  in 
this  manner.  Indeed,  the  properties,  as  well  as  the  quan¬ 
tity,  of  the  albuminous  matters,  show,  beyond  a  doubt, 
that  the  albuminous  matters  are  developed  from  the  food, 
and  constitute  the  chyle  which  is  subsequently  taken  up 
by  the  lacteals. 

Such  are  those  most  interesting,  and  at  the  same  time, 
most  obvious,  phenomena,  observed  in  different  animals, 
in  which  the  changes  produced  on  the  food  by  the  action 
of  the  duodenum  have  been  examined.  These  phenomena 
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appear  to  vary  considerably,  according  to  the  nature  of 
the  food  :  but  so  far  as  we  can  understand  the  phenomena; 
under  every  change  of  food,  the  essential  character  of  the 
changes  which  the  food  undergoes  in  the  duodenum,  re¬ 
mains  unaltered.  That  is  to  say  ;  the  acid  formed  in  the 
stomach,  combines,  in  the  duodenum,  with  the  alkali  of 
the  bile ;  the  albuminous  elements  are  developed  ;  and  the 
excrementitious  matters  are,  more  or  less  perfectly,  sepa¬ 
rated.  Of  the  nature  of  the  more  recondite  and  vitalizing 
changes  which  take  place  in  the  duodenum ;  we  are  in  the 
same  state  of  complete  ignorance,  as  we  are  of  the  similar 
changes  which  take  place  in  the  stomach ;  and  probably 
shall  long  so  remain. 

In  the  preceding  account  of  the  different  processes 
which  take  place  in  the  stomach  and  duodenum,  and  which 
are  necessary  for  the  conversion  of  the  food  of  an  animal 
into  the  living  materials  of  its  body  ;  we  have  endeavoured 
to  distinguish  between  what,  to  a  certain  extent,  is  within 
our  powers  of  comprehension,  and  what  is  completely 
beyond  them.  It  remains  to  be  observed  in  conclusion, 
that  though  the  three  great  and  essential  processes  of 
digestion,  namely,  the  reducing,  the  converting,  and  the 
organizing  processes  are  sufficiently  distinct  from  each 
other ;  yet  it  is  not  to  be  understood  that  they  take  place 
in  succession,  or  in  the  order  in  which  they  have  been 
described.  The  fact  is,  all  these  processes  go  on  at  the 
same  time;  and  as  soon  as  a  portion  of  food  begins  to  be 
dissolved,  its  future  changes  seem  to  be  determined.  If 
it  be  necessary  that  the  portion  of  food  undergo  an  essen¬ 
tial  change  ;  that  change  is  accordingly  begun.  If  no 
such  change  be  required ;  the  organizing  process  itself 
begins  simultaneously  with  the  reducing  process.  The 
consequence  of  this  union  of  the  digestive  processes  is,  as 


45G 


CHEMISTRY  OF  ORGANIZATION. 


we  have  stated,  that  the  staminal  elements  from  which 
the  living1  body  derives  its  nourishment,  are  all  developed 
in  the  chyle ;  as  soon  as  the  excrementitious  matters  are 
separated  by  the  biliary  and  pancreatic  fluids. 

Fourthly.  Of  the  Functions  of  the  A  limentary  Canal  be¬ 
yond  the  Duodenum. —  Compared  with  the  functions  of  the 
stomach  and  duodenum,  the  functions  of  the  succeeding 
portions  of  the  alimentary  canal,  as  far  as  we  can  judge, are 
unimportant.  The  digested  mass  passes  from  the  duode¬ 
num  into  the  jejunum,  and  ilium ;  and  before  the  food 
reaches  the  end  of  the  ilium,  the  whole  of  the  chyle  con¬ 
tained  in  it,  has  been  absorbed  into  the  apertures  of  the 
numerous  tubes  named  lacteals.  These  tubes  open  into 
the  whole  interior  surface  of  the  three  portions  of  the 
alimentary  canal,  along  which  the  food  is  moved  from  the 
stomach  to  the  colon  :  but  the  lacteals  are  most  numerous 
in  those  parts  of  the  canal  nearest  to  the  stomach.  From 
the  ilium,  the  undigested  or  excrementitious  matters  pro¬ 
ceed  into  the  coecum  ;  in  which  cavity,  in  some  animals, 
as  for  example,  in  the  horse,  even  these  excrementitious 
matters  appear  to  undergo  a  second  digestion  ;  but  in  all 
animals,  the  contents  of  the  coecum  have  a  very  different 
aspect  from  the  contents  of  any  part  of  the  alimentary 
canal  nearer  to  the  stomach.  The  mass  of  excrementitious 
matters  continue  their  course  from  the  coecum  into  the 
colon,  where  they  are  still  further  changed.  The  nature 
of  these  changes,  however,  is  not  well  understood,  though 
they  are  probably  of  no  small  importance  in  the  animal 
economy.  Finally,  all  the  nutritious  portions  of  the  food, 
having  entered  into  the  system  of  the  animal ;  nothing 
is  left  but  what  is  entirely  refuse. 

Such  is  a  short  sketch  of  the  phenomena  of  digestion 
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and  assimilation,  in  so  far  as  these  processes  are  effected 
by  the  stomach  and  the  alimentary  canal.  The  pheno¬ 
mena  suggest  the  folio  wins:  reflections  : 

1.  With  regard  to  the  nature  and  the  choice  of  ali¬ 
ments,  and  the  modes  of  their  culinary  preparation ;  it 
follows  from  the  observations  we  have  offered  ;  that,  under 
similar  circumstances,  those  articles  of  food  which  are  the 
least  organized  must  be  the  most  difficult  to  be  assimi¬ 
lated  :  consequently,  that  the  assimilation  of  crystallized, 
or  very  pure  substances,  must  be  more  difficult  than  the 
assimilation  of  any  .others.  Thus,  pure  sugar,  pure  alcohol, 
and  pure  oil,  are  much  less  easy  to  be  assimilated,  than 
articles  of  the  saccharine  class  in  the  modified  amylaceous 
form ;  or  than  that  peculiar  condition  or  mixture  of 
alcohol  existing  in  natural  wines  ;  or  than  butter.  In 
these  modified  forms,  the  assimilation  of  the  saccharine 
and  the  oleaginous  elements  is  comparatively  easy.  Of 
all  crystallized  substances,  pure  sugar  is  perhaps  the  most 
easily  assimilated;  but  every  one  is  taught  by  experience 
that  much  less  can  be  eaten  of  articles  composed  of  sugar,, 
than  of  articles  composed  of  amylaceous  matter.  In  some 
varieties  of  the  disease  termed  dyspepsia,  the  effect  of 
pure  sugar  is  most  hurtful ;  perhaps  fully  as  hurtful 
as  the  effect  of  pure  alcohol.  Nature  has  not  furnished 
either  pure  sugar  or  pure  starch  ;  and  these  substances  are 
always  the  results  of  artificial  processes,  more  or  less  ela¬ 
borate  ;  in  which,  as  in  many  of  the  processes  of  cookery, 
man  has  been  over-officious  ;  and  has  studied  the  gra¬ 
tification  of  his  palate,  rather  than  followed  the  dictates 
of  his  reason. 

In  many  dyspeptic  individuals,  the  assimilating  and 
preservative  powers  of  the  system  are  already  so  much 
weakened,  as  to  be  unable  to  resist  crystallization  with¬ 
in  their  frames.  Thus  in  gouty  invalids,  how  often 
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do  we  see  chalk  stones  formed  in  every  joint?  Now, 
with  so  little  control  over  their  own  fluids,  how  can  they 
reasonably  hope  to  assimilate  extraneous  crystallizations  ? 
If,  therefore,  such  an  invalid,  on  sitting  down  to  a  luxuri¬ 
ous  modern  banquet,  composed  of  sugar,  and  oil,  and  albu¬ 
men,  in  every  state  and  combination,  except  those  best 
adapted  for  food,  would  pause  a  moment,  and  ask  himself 
the  question  ;  Is  this  debilitated  and  troublesome  stomach 
of  mine,  endowed  with  the  alchemy  requisite  for  the  con¬ 
version  of  all  these  things  into  wholesome  flesh  and  blood? 
He  would  probably  adopt  a  simpler  repast,  and  would 
thus  save  himself  from  much  uneasiness.  The  truth  is, 
many  of  the  elaborate  dishes  of  our  ingenious  continen¬ 
tal  neighbours,  are  scarcely  nutritious,  or  designed  to  be 
so.  They  are  mere  vehicles  for  different  stimuli — differ¬ 
ent  ways,  in  short,  of  gratifying  that  low  animal  propen¬ 
sity,  by  which  so  many  are  urged  to  the  use  of  ardent 
spirits,  or  of  various  narcotics.  In  one  respect,  indeed, 
namely,  in  reducing  to  a  state  of  pulp,  those  refractory 
substances  which  we  have  before  mentioned,  the  culinary 
processes  of  our  neighbours  are  much  superior  to  ours  ; 
but  in  nearly  every  other  respect,  and  most  of  all,  in  the 
general  use  of  pure  sugar  and  pure  oil,  their  cookery  is 
eminently  injurious  to  all  persons  who  have  w7eak  diges¬ 
tion.  On  the  other  hand,  in  this  country,  we  do  not  in 
general  pay  sufficient  attention  to  the  reducing  processes 
of  the  culinary  art.  Every  thing  is  firm  and  crude ;  and 
though  the  mode  of  preparation  be  less  captivating ;  the 
quantity  of  indigestible  aliment  is  quite  as  great  in  our 
culinary  productions,  as  in  those  of  France. 

We  are  not,  however,  writing  a  treatise  on  cookery  or 
dietetics  :  but  in  treating  of  the  function  of  digestion,  it  is 
impossible  altogether  to  omit  these  important  subjects. 
The  foregoing  observations  are  merely  intended  as  illus- 
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trations  of  those  general  means  which  often  regulate 
the  choice,  and  the  preparation  of  the  food  of  mankind, 
in  a  state  of  civilized  society.  Reason  is  too  little  fol¬ 
lowed,  the  indulgence  of  the  palate  is  the  sole  object;  so 
that  the  organs  of  digestion  already  enfeebled,  and  inca¬ 
pacitated  for  the  assimilation  even  of  the  most  proper 
nourishment,  are  daily  oppressed  with  a  task  for  which 
they  are  altogether  unequal.  The  consequence  is,  that 
though  for  a  time  the  labour  be  sustained,  the  digestive 
energies  are  at  length  overcome.  The  dyspeptic  being 
passes  half  his  days  in  misery ;  his  offspring  inherit  their 
parents’  constitution ;  and  if  they  persist  in  a  like  course 
of  slow  poison,  after  a  few  generations,  the  race  becomes 
extinct, — “  his  name  even  is  cut  off  from  among  men  !” 
Providence  has  gifted  man  with  reason ;  to  his  reason, 
therefore,  is  left  the  choice  of  his  food  and  drink,  and 
not  to  instinct,  as  among  the  lower  animals:  it  thus 
becomes  his  duty  to  apply  his  reason  to  the  regulation  of 
his  diet ;  to  shun  excess  in  quantity,  and  what  is  noxious 
in  quality;  to  adhere,  in  short,  to  the  simple  and  the 
natural  ;  among  which  the  bounty  of  his  Maker  has 
afforded  him  an  ample  selection;  and  beyond  which  if  he 
deviates,  sooner  or  later,  he  will  suffer  the  penalty. 

2.  The  view  we  have  now  taken  of  the  processes 
of  digestion,  removes  in  some  degree  that  mysterious 
character  with  which  they  have  been  invested;  and 
by  lessening  the  field  of  our  inquiry,  brings  us  nearer  to 
our  object.  We  had  previously  known,  that  the  articles 
employed  as  food  by  animals,  are  essentially  composed  of 
three  or  four  primary  elements.  But  we  have  now  learnt, 
that  all  the  more  perfect  of  those  matters  on  which  ani¬ 
mals  subsist,  are  compounds  of  three  or  four  proximate 
elements ;  the  whole  of  which  compounds,  except  one, 
(the  saccharine,)  are,  in  their  essential  characters,  identical 
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with  the  materials  composing  the  frame  of  the  animals 
themselves.  We  have  also  learnt,  that  owing  to  this  iden¬ 
tity  of  composition,  many  animals  are  saved  the  labour 
of  forming  these  constituents  of  their  frame  from  the  pri¬ 
mary  elements  ;  and  have  only  to  re-arrange  the  proxi¬ 
mate  elements,  as  their  exigencies  may  require.  The  task 
of  elaborating  the  proximate  elements  is  thus  left  to  the 
inferior  animals  or  to  plants ;  which  are  endowed  with 
the  capacity  of  compounding  these  proximate  elements 
from  things  still  lower  in  the  scale  of  organization, 
than  the  animals  and  plants  themselves.  Hence  there 
is  a  series,  from  the  lowest  being  that  derives  its  nourish¬ 
ment  from  carbon  and  carbonic  acid,  up  to  the  most 
perfect  animal  existing.  Each  individual  in  the  series 
preferring  to  assimilate  other  individuals  immediately 
below  itself;  but  having,  on  extraordinary  occasions,  and 
in  a  minor  degree,  the  power  of  assimilating  all,  not  only 
below,  but  above  itself,  in  the  system  of  organized 
creation. 

3.  We  stated  that  the  immediate  influence  employed 
by  the  organic  agent  is  probably  galvanism,  or  the 
common  agents  operating  throughout  inorganic  matter ; 
and  that  the  digestive  apparatus,  viewed  as  a  whole, 
seems  to  be  arranged  on  galvanic  principles.  We  wish, 
however,  our  readers  clearly  to  understand,  that  wTe  con¬ 
sider  the  organic  agent  residing  in  the  ganglionic  system 
of  nerves,  and  employing  the  electric  agency,  to  be  not 
electricity  itself ;  though  the  ganglionic  agency  is  proba¬ 
bly  the  lowest  kind  of  agency  existing  in  animal  bodies, 
and  only,  as  it  were,  one  degree  above  the  agencies  of  in¬ 
animate  matter.  We  dwell  on  this  point  the  more,  be¬ 
cause  from  deficient  recollection  of  what  electricity  is, 
and  what  are  the  living  powers  acting  through  the 
nervous  system  of  animals ;  it  has  been  maintained,  nay, 
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lias  even  been  endeavoured  to  be  experimentally  proved, 
that  these  nervous  powers  are  identical  with  the  powers 
of  electricity.  It  is  impossible  to  imagine  a  greater 
fallacy.  Admitting  that  electricity,  properly  directed, 
could  change  the  proximate  elements  of  the  food  into 
the  proximate  elements  of  chyle ;  can  we  imagine  elec¬ 
tricity  to  vary  spontaneously  its  mode  of  operation,  so  as 
to  produce  the  same  chyle  from  every  sort  of  aliment — 
that  electricity  is  an  intelligent  agency  acting  with  a  cer¬ 
tain  object  ?  Besides,  if  the  nervous  energy  be  identical 
with  electricity  in  one  set  of  nerves,  the  energy  of  all 
nerves  must  be  more  or  less  identical  with  electricity  ; 
for  though  powers  of  a  higher  order  may  be  imagined  to 
reside  in  different  classes  of  nerves,  the  whole  nervous 
system  must  be  supposed  to  possess,  in  common,  certain 
other  powers,  analogous  to,  if  not  identical  with,  the  infe¬ 
rior  power  residing  in  the  ganglionic  nerves :  otherwise 
that  free  communication,  so  plainly  indicated  by  the 
general  structure  of  the  nerves,  could  not  be  supposed  to 
take  place  among  the  different  parts  of  the  nervous  sys¬ 
tem.  Now,  on  the  supposition  that  the  inferior  power 
residing  in  the  nervous  system  is  identical  with  electricity, 
how  different  must  be  the  functions  of  that  agency  in  the 
different  classes  of  nerves  ;  in  one  class  of  nerves,  for  ex¬ 
ample,  digesting  and  assimilating  the  food  ;  in  another 
class  helping  to  convey  sight  or  sound ;  in  the  brain  itself, 
shall  we  say,  actually  thinking,  or  at  least  conveying 
thought !  As  to  the  experiments,  on  which  it  has  been 
attempted  to  rear  this  most  untenable  opinion,  they  prove 
nothing  whatever ;  and  are  easily  explained  on  other 
grounds.  Such  explanation  would  be  foreign  to  our 
present  object,  were  we  to  introduce  it  here.  But  there 
is  one  observation,  which  has  always  appeared  to  us  con¬ 
clusive  against  this  fancied  identity  of  the  nervous  energy 
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with  electricity  ;  and  with  which,  we  shall  close  the  pre¬ 
sent  chapter. 

Most  persons  are  aware  that  there  are  certain  fishes  en¬ 
dowed  with  the  power  of  evolving  electricity,  and  of  com¬ 
municating  a  smart  shock  to  other  animals.  Now,  in  all  the 
fishes  in  which  this  power  resides,  as  in  the  Torpedo,  there 
is  a  complicated  apparatus,  extending  over  a  large  portion 
of  the  fish’s  body,  expressly  for  the  purpose  of  forming  the 
electricity,  which  the  fish  communicates  ;  thus  proving 
beyond  a  doubt,  that  mere  nerves  are  not  sufficient  to 
develope  electricity ;  and  that,  when  electricity  is  wanted? 
an  express  and  peculiar  organ  is  as  requisite  for  its  secre¬ 
tion  or  formation,  as  for  the  secretion  and  formation  of 
any  other  product  of  the  animal  economy. 

The  further  reflections  suggested  by  the  facts  we  have 
now  detailed,  will  be  given  in  conjunction  with  the  reflec¬ 
tions  suggested  by  the  facts  to  be  detailed  in  the  next 
chapter. 
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OF  THE  PROCESSES  OF  ASSIMILATION  SUBSEQUENT  TO 
THOSE  PROCESSES  WHICH  THE  FOOD  UNDERGOES  IN 
THE  STOMACH  AND  ALIMENTARY  CANAL  ;  PARTICULARLY 
OF  THE  CONVERSION  OF  THE  CHYLE  INTO  BLOOD.  OF 
THE  HEPATIC  FUNCTION.  OF  RESPIRATION  AND  ITS  USES. 
OF  SECRETION.  OF  THE  FINAL  DECOMPOSITION  OF  OR¬ 
GANIZED  BODIES.  GENERAL  REFLECTIONS,  AND  CONCLU¬ 
SION. 

First.  Of  the  Passage  of  the  Chyle  from  the  Alimentary 
Canal  into  the  Sanguiferous  System  ;  and  of  the  Function 
of  Absorption  generally. — The  Chyle,  as  we  have  already 
said,  is  taken  up  from  the  alimentary  canal,  by  numerous 
minute  tubes,  named  lacteals ;  these  tubes  being  part  of 
the  system  of  similar  tubes,  which  arise  from  all  parts  of 
the  body,  and  are  termed  absorbents.  The  whole  of  the 
absorbing  tubes,  after  passing  through  various  glands,  at 
length  unite  into  one  or  two  of  larger  size  ;  the  recipient 
tube  on  the  left  side  being  by  far  the  largest,  and  known 
by  the  appellation  of  the  thoracic  duct.  These  larger 
absorbent  tubes  pour  their  contained  fluids  into  the  veins 
named  the  sub-clavian ;  and  thus  into  the  general  mass  of 
the  blood.  The  exact  nature  of  the  changes  which  the 
chyle  and  the  lymph  undergo  in  their  passage  through 
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these  tubes,  is  not  well  understood.  One  change  appears 
to  be,  that  the  chyle,  first  formed  in  the  alimentary 
canal,  is  to  a  certain  extent  completed ,  or  freed  from 
water,  during  its  course  through  the  lacteals :  for  though, 
when  the  chyle  is  mixed  with  the  blood,  its  albuminous  ele¬ 
ments  are  much  less  perfectly  developed  than  those  contained 
in  the  blood  itself ;  yet  the  developement  of  the  albumi¬ 
nous  elements,  on  their  mixture  with  the  blood,  is  more 
perfect,  than  when  the  chyle  is  first  taken  up  from  the 
alimentary  canal. 

The  matters  conveyed  from  the  other  parts  of  the  body, 
by  the  tubes  of  the  general  absorbent  system,  have,  by 
most  physiologists,  been  supposed  to  be  of  an  excremen- 
titious  character.  That  some  of  the  absorbed  matters  are 
excrementitious,  is  very  probable  :  arguments  may,  how¬ 
ever,  be  adduced,  to  show,  that  the  whole  of  the  matters 
absorbed  are  by  no  means  excrementitious  ;  but  that  they 
are  repeatedly  consigned  to  the  uses  of  the  vital  agency  : 
every  new  organization  raising  them,  as  it  were,  a  step 
higher,  and  qualifying  them  for  those  refined  and  ulterior 
purposes ;  for  which  we  can  hardly  imagine  the  crude 
chyle  to  be  at  once  adapted. 

The  circumstances  favouring  the  above  opinion,  which 
we  are  now  desirous  to  mention,  are, — 

1.  It  is  unreasonable,  and  contrary  to  every  thing 
we  know  respecting  the  operations  of  the  animal  economy, 
to  suppose  that  the  chyle  should  be  separated  from  one 
kind  of  excrementitious  matter,  in  the  alimentary  canal ; 
in  order  to  be  immediately  mixed  again  with  other  excre¬ 
mentitious  matters,  in  the  cliyliferous  tubes.  It  is,  there¬ 
fore,  a  just  inference,  that  if  the  matters  contained  in 
the  absorbents,  were  really  and  wholly  excrementitious, 
they  would  be  carefully  kept  apart ;  and  would  be 
removed  from  the  system  by  some  other  means,  than 
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by  tubes  united  with  the  tubes  conveying  the  nutritious 
fluids. 

2.  By  admitting  that  the  fluids  contained  in  the 
absorbent  tubes  possess  a  highly  animalized  character; 
the  design  of  their  union  with  the  crude  and  imperfectly 
animalized  chyle,  becomes  apparent :  the  fluid  in  the  ab¬ 
sorbents  will  be  seen  to  execute  an  important  and  neces¬ 
sary  office ;  by  raising  the  vital  character  of  the  chyle, 
and  qualifying  it,  for  becoming  a  part  of  the  genera]  mass 
of  the  blood.  We  thus  obtain  a  cogent  reason,  why  the 
fluids  taken  up  from  the  internal  surface  of  the  alimentary 
canal,  should  be  mingled  with  the  fluids  absorbed  from 
the  other  parts  of  the  body ;  a  mixture  which  is  inexpli¬ 
cable,  on  the  hypothesis  that  the  fluids  in  the  absorbent 
tubes  are  wholly  excrementitious. 

3.  The  gradual  developement  of  the  proximate  ele¬ 
ments  of  animal  bodies,  by  repeated  organizing  pro¬ 
cesses,  fully  accords  with  those  general  views  of  the  ope¬ 
rations  of  nature,  which,  throughout  this  work,  we  have 
endeavoured  to  illustrate ;  and  which  lead  to  the  general 
conclusion,  that  the  operations  of  nature  are  never  abrupt, 
but  always  slow  and  gradual.  Further,  it  is  more  reason¬ 
able  to  conceive,  that  matters  already  assimilated  to  the 
animal  body,  are  better  fitted  for  its  immediate  uses  ; 
than  matters  which,  like  the  chyle,  have  only  received  an 
imperfect  assimilation. 

4.  Many  animals  can  and  do  live,  for  a  consider¬ 
able  time,  on  substances  contained  in  their  own  bodies. 
Thus,  hybernating  animals,  as  previously  stated,  have  the 
ability  to  assimilate  further,  those  matters  which  have 
already  become  part  of  themselves  ;  consequently,  such 
a  faculty  of  progressive  organization  as  we  have  supposed, 
actually  exists ;  and  a  sort  of  digestion  is  carried  on  in  all 
parts  of  the  body ,  to  fit  for  absorption  and  future  appro - 
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priation ,  those  matters  which  have  been  already  assimilated. 
Were  it  necessary,  other  arguments  to  the  same  effect 
might  be  added  :  but  we  shall  at  present  delay  the  fur¬ 
ther  consideration  of  the  assimilating  character  of  the 
whole  absorbent  system ;  that  we  may  recur  to  it  again,  in 
a  succeeding  part  of  the  present  chapter. 

Secondly.  Of  the  Blood. — The  blood  is  that  well- 
known  fluid  pervading  the  tubes,  named  from  their  func¬ 
tion  the  blood  vessels ;  which  tubes  are  extended  more  or 
less  over  every  part  of  an  animal.  We  have  already 
described  the  general  distribution  of  the  blood  vessels  ; 
and  shall  now  confine  ourselves  chiefly  to  the  properties 
of  the  blood  itself. 

The  chyle,  as  we  have  stated,  is  poured  into  the  general 
mass  of  the  blood  near  the  heart ;  and  from  the  heart  is 
almost  immediately  propelled  through  the  lungs.  The 
chyle,  thus  set  in  motion,  is  not  only  united  thoroughly 
with  the  blood ;  but  undergoes  those  other  important 
changes,  by  which  its  final  conversion  into  blood  is  accom¬ 
plished.  The  exact  nature  of  these  changes  is  unknown ; 
but  they  are  evidently  of  a  completing  character — that  is 
to  say,  the  weak  hydrated  ingredients  of  the  chyle,  are 
freed  from  a  portion  of  the  water  with  which  they  were 
associated;  and  are  transmuted  into  the  strong  albuminous 
substance  of  the  blood. 

The  chief  constituents  of  the  blood  are  essentially  albu¬ 
minous.  Blood  contains  albumen  in  three  states  of  modi¬ 
fication  :  namely,  albumen ,  properly  so  called ;  fibrin ; 
and  the  red  particles.  In  addition,  there  are  oily  matters  ; 
besides  various  minute  portions  of  other  animal  matters, 
and  saline  matters,  all  dissolved,  or  rather  suspended,  in 
a  large  quantity  of  water.  The  following  short  table 
exhibits  the  relative  proportions  of  the  constituents  of 
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human  blood  to  each  other,  as  they  exist  in  most  indi¬ 
viduals. 

ONE  THOUSAND  PARTS  OF  HUMAN  BLOOD  CONTAIN 

Of  Water  -  -  -  -  -  -  783*37 

Fibrin  -  -  2*83 

Albumen  ------  67*25 

Colouring  matters  (of  which  six  per  cent  are  iron).  126*31 
Fatty  matters,  in  various  states  -  -  -  5*16 

Various  undefined  animal  matters,  and  salts  -  15*08 

1000*00* 

The  reader  will  not  fail  to  remark,  that  among  these 
constituents  of  the  blood,  gelatine  is  not  mentioned. 
In  fact,  though  existing  most  abundantly  in  various  ani¬ 
mal  structures,  gelatine  is  never  found  in  the  blood ,  or  in 
any  product  of  glandular  secretion.  We  formerly  noticed 
that  in  the  scale  of  organized  substances,  gelatine  appears 
to  rank  lower  than  albumen :  and  we  may  now  add,  that 
a  given  weight  of  gelatine,  contains  at  least  three  or  four 
per  cent,  less  carbon,  than  an  equal  weight  of  albumen. 
The  production  of  gelatine  from  albumen  must,  therefore, 
be  a  reducing  process.  We  shall  presently  have  occasion 
to  revert  to  these  facts.  In  the  mean  time  we  subjoin  the 
few  observations  we  have  to  offer,  on  the  organization  or 
structure  of  the  blood. 

The  organization  of  the  blood  is  even  more  wonderful 
than  its  chemical  composition,  and  is  still  less  understood. 
The  red  portion  of  the  blood,  for  example,  is  composed  of 
innumerable  minute  globules,  or  rather  discs,  varying  in 
size  in  different  animals;  and  in  all  instances  highly 
oro’anized :  the  real  structure  indeed  of  these  globules  is 
imperfectly  known ;  they  were  formerly  supposed  to 

*Le  Cauu ;  mean  of  two  analyses. 
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consist  of  solid  colourless  nuclei,  within  red  vesicles  ;  but 
the  general  opinion  as  we  have  just  stated,  now  is,  that 
they  are  flattened  discs  with  a  depression  in  the  centre, 
which  by  an  optical  deception  under  the  microscope  assumes 
the  form  of  a  solid  colourless  nucleus.  The  fibrin  and 
oily  matters,  also,  are  diffused  through  the  mass  of  the 
blood  in  a  state  of  equally  minute  subdivision.  The  par¬ 
ticles  of  the  fibrin  are  colourless,  and  their  magnitude 
much  less  than  the  magnitude  of  the  red  particles.  The 
particles  of  oily  matter  are  also  colourless,  but  of  variable 
magnitude. 

During  the  life  of  an  animal,  the  particles  of  the  fibrin, 
as  well  as  the  red  particles  of  its  blood,  seem  to  be  in  a 
state  of  extreme  self-repulsion ;  by  which  self-repulsion, 
the  union  of  these  particles  is  prevented ;  except  as  the 
economy  of  the  animal  may  require,  and  may  determine. 
After  death,  however;  or  in  blood  withdrawn  from  the 
body  of  a  living  animal,  the  property  of  self-repulsion, 
more  especially  among  the  fibrinous  particles  of  the  blood, 
ceases,  and  they  readily  cohere :  this  cohesion  is  termed 
the  coagulation  of  the  blood.  Much  beautiful  design  is 
probably  concealed  under  that  peculiar  organization  of 
the  blood,  to  which  it  owes  its  coagulating  tendency.  One 
result  of  the  coagulation  of  the  blood,  indeed,  is  as 
obvious  as  it  is  important ;  namely,  the  prevention  of 
haemorrhage.  If  the  blood  did  not  coagulate,  the  ex¬ 
istence  of  animals  would  be  most  precarious ;  as  on  the 
slightest  injury,  they  would  be  liable  to  bleed  to  death. 

Thirdly.  Of  the  Hepatic  Function. — In  a  former 
chapter  we  gave  a  short  account  of  the  liver,  and  of  the 
peculiarities  of  its  circulation.  Here  it  will  be  there¬ 
fore  necessary  only  to  remind  the  reader,  that  the  venous 
blood  from  the  digestive  organs  undergoes  an  arterializing 
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process  in  the  liver  before  it  enters  the  sanguiferous 
system ;  and  that  the  bile  eliminated  by  the  liver  enters 
the  duodenum  at  a  certain  stage  of  the  assimilative  pro¬ 
cesses,  when  it  contributes  to  the  formation  of  the 
chyle. 

At  the  beginning  of  the  present  chapter,  we  alluded  to 
the  vessels  termed  lacteals  and  absorbents.  These  vessels 
together  constitute .  an  apparatus  supplementary  to  the 
sanguiferous  system,  and  their  office  is  to  absorb  or  take  up 
nutritious  matters  in  advanced  stages  of  assimilation ;  which 
matters  after  some  further  processes,  are  fitted  for  admix¬ 
ture  with  the  general  mass  of  blood,  and  for  underffoino- 
with  that  fluid  the  important  changes  produced  by  its 
exposure  to  the  air  in  the  lungs.  Now  it  has  been  dis¬ 
tinctly  ascertained  that  veins,  particularly  in  their  extreme 
ramifications,  possess  a  power  of  absorption  somewhat  ana¬ 
logous  to  the  power  of  the  lacteals  and  absorbents.  Venous 
absorption,  however,  appears  to  be  of  a  more  general  and 
indiscriminate  character  than  the  absorption  by  lac¬ 
teals  and  absorbents ;  hence  many  matters  are  readily 
taken  up  by  veins,  which  would  probably  be  rejected  by 
absorbents.  Thus  after  the  reduction  of  the  alimentary 
substances,  to  chyme ,  and  its  passage  from  the  stomach  into 
the  duodenum,  the  lacteals  absorb  only  the  assimilated 
chyle;  while  much  of  the  remainder  of  the  chyme,  consisting 
chiefly  of  saccharine  and  oleaginous  articles,  partially  assi¬ 
milated,  seems  to  be  taken  up  by  the  veins  of  the  intestines. 
These  imperfectly  assimilated  matters  thus  mixed  with  the 
venous  blood,  (already  deteriorated  by  the  previous  assi¬ 
milating  processes,)  form  principally  the  crude  men¬ 
struum  from  which  the  bile  is  eliminated  by  the  liver. 
The  bile  thus  separated  is  retained  in  the  gall-blad¬ 
der,  or  in  the  liver  itself,  till  it  is  required ;  and  then,  as 
we  have  stated,  is  discharged  into  the  duodenum ;  where  it 
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is  brought  in  union  with  the  chyme  from  the  stomach. 
By  this  union  of  the  bile  with  the  chyme,  the  albuminous 
chyle  fitted  for  lacteal  absorption  is  distinctly  separated  ; 
while  part  of  the  remaining  bile  in  some  unknown  state 
of  combination  with  the  partially  assimilated  saccharine 
and  oleaginous  elements,  is,  as  we  have  said,  absorbed  by 
the  veins,  and  the  residuary  and  smaller  part  is  rejected 
as  excrementitious. 

Numerous  observations  lead  us  to  infer,  that  during 
the  hepatic  processes  above  described,  a  portion  of  the 
saccharine  and  oleaginous  aliments  becomes  associated 
with  azote,  and  forms  an  albuminous  or  some  nearly  allied 
principle ;  while  the  remaining  and  perhaps  the  greater 
portion  of  those  aliments  is  converted  into  fat,  to  be 
either  employed  for  immediate  use,  or  stored  up  for  the 
future  wants  of  the  economy,  as  circumstances  may 
determine. 

The  reader  will  remember  that  the  bile,  like  the  sac¬ 
charine  and  oleaginous  aliments,  is  distinguished  by  the 
absence  of  azote,  and  by  the  relatively  large  proportion  of 
carbon  it  contains.  The  liver,  therefore,  according  to  the 
preceding  views,  is  the  great  appropriator  and  assimilator 
of  carbon. 

This  subject  will  be  resumed  after  we  have  considered 
respiration. 

Fourthly.  Of  the  Pulmonary  Function.  Respiration. 
— The  function  of  Respiration ,  or  breathing,  is,  perhaps, 
the  most  indispensable  in  the  animal  economy:  many  of  the 
other  functions  may  be  interrupted  ;  but  the  suspension 
of  breathing  is  immediately  destructive  of  life.  When 
we  described  the  phenomena  of  the  circulation  of  the 
blood ;  we  observed,  that  the  blood  in  passing  through 
the  lungs,  is  exposed  to  the  action  of  the  atmospheric  air. 
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Now,  during  this  exposure  of  the  blood  to  the  atmo¬ 
spheric  air,  it  undergoes  certain  changes.  The  blood  from 
the  right  side  of  the  heart,  when  it  enters  the  lungs,  is  of 
a  dark  red  colour :  the  blood  is  then  dispersed,  in  a  state 
of  most  minute  subdivision,  through  the  ultimate  vessels 
of  the  lungs ;  and  in  these  vessels  is  brought  into  contact 
with  the  atmospheric  air,  when  it  becomes  of  a  bright 
red  colour.  In  other  words,  the  blood  changes  in  the 
lungs  its  venous  appearance,  and  assumes  the  character  of 
arterial  blood.  The  blood  thus  arterialized,  returns  to 
the  left  side  of  the  heart ;  and  from  the  left  side  of  the 
heart  is  propelled  through  the  whole  arteries  of  the  body. 
In  the  minute  terminations  of  the  arteries,  the  blood  again 
loses  its  florid  hue,  and,  reassuming  its  dark  red  colour, 
is  returned  through  the  veins,  to  the  right  side  of  the  heart ; 
to  be  exposed  as  before  to  the  influence  of  the  atmospheric 
air,  and  to  undergo  the  same  succession  of  changes. 

On  examining  the  respired  air,  a  remarkable  alteration  of 
its  properties  is  found  to  have  taken  place  ;  a  portion  of  its 
oxygen  has  disappeared,  and  a  nearly  similar  bulk  of  car¬ 
bonic  acid  gas,  has  been  substituted.  With  respect  to  the 
origin  of  this  carbonic  acid  gas,  there  have  been  various 
opinions.  Formerly,  the  great  number  of  physiologists 
maintained,  that  carbon,  in  some  form,  was  excreted  by 
the  lungs ;  and  that  this  excreted  carbon,  uniting  with 
the  oxygen  of  the  inspired  air,  was  converted  into  car¬ 
bonic  acid  gas.  No  one  imagined  that  oxygen  gas  could 
be  passing  inwards  through  the  membrane  of  the  lungs ; 
while  carbonic  acid  gas  was,  at  the  same  time,  passing 
outwards,  through  the  same  membrane.  Accurate  obser¬ 
vations  have,  however,  demonstrated,  that  such  a  simul¬ 
taneous  passage  of  gases  really  take  place  through  the 
membrane  of  the  lungs :  and  the  observations  are 
not  confined  to  the  two  gaseous  bodies  in  the  lungs ; 
but  are  applicable  to  all  gases  whatever,  under  simi- 
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lar  circumstances.  In  consequence  of  these  observa¬ 
tions,  it  seems  now  to  be  generally  admitted,  that  the 
oxygen  of  the  atmospheric  air  is  absorbed  by  the  blood, 
more  especially  by  the  red  particles ;  and,  in  some 
unknown .  state  of  combination,  reaches  the  extreme  sub¬ 
divisions  of  the  arteries ;  where  being  united  with  a  por¬ 
tion  of  carbon  and  hydrogen,  it  forms  carbonic  acid 
gas  and  water  :  that  this  carbonic  acid  is  retained  in  some 
unknown  state  of  combination  in  the  venous  blood  ;  till, 
in  the  lungs,  it  is  expelled,  and  oxygen  is  absorbed  in  its 
stead  ;  according  to  the  laws  which  regulate  the  diffusion 
of  gaseous  bodies,  and  which  were  formerly  explained. 
Along  with  the  carbonic  acid  gas,  a  large  quantity  of 
aqueous  vapour,  as  we  have  stated,  is  at  the  same  time 
separated  from  the  blood. 

It  would  be  foreign  to  the  objects  of  this  treatise,  were 
we  to  enter  further  into  the  reasons  for  the  view  we  have 
given  of  the  phenomena  of  respiration.  These  reasons 
are  many  and  strong ;  and  seem  indeed  to  prove  clearly, 
that  the  changes  which  the  blood  undergoes,  during  its  cir¬ 
culation  through  the  body,  are  as  we  have  described  them. 
We  shall,  therefore,  assume,  that  our  view  of  respiration 
is  correct  :  and  shall  offer  a  few  remarks  on  the  attendant 
circumstances,  and  on  the  consequences,  of  respiration. 

1.  To  what  influence  are  we  to  ascribe  the  different 
colours  of  arterial  and  of  venous  blood  ?  The  opinion 
formerly  held,  was,  that  the  arterial  colour  arose  from  the 
absorption  of  oxygen ;  and  the  venous  colour  from  the 
presence  of  carbon.  But  recent  observations  seem  to 
show  that  the  change  in  the  colour  of  the  blood  during 
its  circulation,  if  not  entirely  independent  of  oxygen,  is 
much  influenced  by  the  saline  matters  :  particularly  by 
the  common  salt,  which  the  blood  contains :  and  that  the 
dark  colour  of  venous  blood,  is  principally  owing  to  the 
presence  of  carbonic  acid  gas. 
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2.  Wliat  is  the  source,  of  the  carbonic  acid  in  venous 
blood,  and  of  the  aqueous  vapour  which  is  expelled  from 
the  lungs?  These  questions  cannot  be  answered  with 
certainty.  But  some  observations  lately  made,  have  in¬ 
duced  us  to  believe,  that  the  conversion  of  certain  forms  of 
albuminous  matters  into  gelatine ,  is  one  source  of  the  car¬ 
bonic  acid  in  venous  blood.  Gelatine,  as  before  stated, 
contains  three  or  four  per  cent,  less  of  carbon  than  albu¬ 
men  contains.  Now  gelatine  enters  into  the  structure  of 
every  part  of  the  animal  frame,  and  especially  of  the  skin  : 
the  skin  indeed  consists  of  little  else  besides  gelatine  :  it 
is  most  probable,  therefore,  that  a  large  part  of  the  car¬ 
bonic  acid  of  venous  blood  is  formed  in  the  skin,  and  in 
the  analogous  textures.  Indeed,  we  know  that  the  skin 
of  many  animals  gives  off  carbonic  acid,  and  absorbs  oxy¬ 
gen  ;  in  other  words,  performs  all  the  offices  of  the  lungs : 
a  function  of  the  skin  perfectly  intelligible,  on  the  sup¬ 
position  that  near  the  surface  of  the  body,  the  albumi¬ 
nous  portions  of  the  blood  are  converted  into  gelatine. 
With  respect  to  the  aqueous  vapour  thrown  off  from  the 
lungs:  we  have  every  reason  to  believe,  as  before  stated, 
that  much  of  this  vapour  is  derived  from  the  chyle ,  in  its 
passage  through  the  lungs ;  and  that  by  such  separation  of 
water,  the  weak  and  delicate  albumen  of  the  chyle,  is  con¬ 
verted  into  the  strong  and  perfect  albumen  of  the  blood ; 
according  to  the  principles  detailed  at  the  commencement 
of  this  chapter. 

3.  What  are  the  uses  of  the  continual  extrication  of 
carbonic  acid  from  living  animals  ;  and  could  not  a  little 
superfluous  carbon  have  been  thrown  off  from  their  bodies 
in  a  more  simple  manner?  The  precise  use  of  the  con¬ 
stant  evolution  of  carbonic  acid,  or  how  is  it  effected,  we 
know  not ;  but  one  great  use  which  has  been  assigned 
to  this  evolution,  is,  the  formation  of  the  heat  of  the  body ; 
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and  not  only  the  power  of  forming  that  heat ;  but  also  the 
power  of  varying  it  according  to  circumstances — a  power 
so  characteristic  of  organic  life.  Out  of  the  body,  carbon 
and  hydrogen  certainly  give  off  heat  on  combination  with 
oxygen.  Hence,  it  has  been  maintained  with  great  plau¬ 
sibility,  that  the  same  combinations,  within  a  living  body, 
may  give  origin  to  its  heat ;  though  it  must  be  confessed, 
there  are  some  difficulties  about  this  view  of  the  origin  of 
animal  heat,  which  detract  considerably  from  its  likelihood. 
Moreover,  it  is  exceedingly  probable,  that  though  the  evo¬ 
lution  of  carbonic  acid  gas  and  water,  may  be  one  of  the 
means  possessed  by  the  animal  economy  for  generating 
heat ;  there  are  yet  other  means,  the  nature  of  which  at 
present  is  quite  unknown. 

The  quantity  of  carbon  thrown  off  by  the  lungs,  is 
very  abundant ;  but  has  probably  been  much  overrated. 
Philosophers  formerly  estimated  that  the  lungs  of  a  man 
of  ordinary  size  expel,  in  the  course  of  twenty-four  hours, 
about  11  ounces  of  carbon;  but  M.  Liebig  has  recently 
estimated  the  quantity  of  carbon  daily  taken  by  a  man  in 
his  food,  and  expelled  from  the  lungs  as  carbonic  acid  gas, 
at  no  less  than  139  ounces  !  This  celebrated  chemist,  also, 
in  adopting  the  views  above  given,  respecting  the  source 
of  animal  heat,  has  pushed  them  much  further,  and  main¬ 
tains  that  animal  heat  is  entirely  the  result  of  the  union  of 
the  hydrogen  and  carbon  in  the  system  with  oxygen  ;  and 
that  the  chief  use  of  nonazotized  articles  of  food,  i.e.  of  sac¬ 
charine  and  oleaginous  aliments,  is  to  furnish  carbon  and 
hydrogen  for  combustion,  and  for  the  maintenance  of  ani¬ 
mal  heat !  W e  have  already  said,  and  with  many  others 
always  admitted,  that  the  union  of  oxygen  with  carbon  and 
hydrogen  is  one  source  of  animal  heat ;  but  at  present  we 
totally  dissent  from  the  opinion  that  such  union  of  oxygen 
with  carbon  and  hydrogen  is  the  only  source  of  animal 
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heat ;  or  that  the  only  use  of  saccharine  and  oleaginous 
aliments  is  that  assigned.* 

The  subjects  of  Respiration  and  Animal  Heat,  notwith¬ 
standing  the  attention  they  have  received  from  physiolo¬ 
gists,  are,  we  think,  very  imperfectly  understood ;  and  if 
we  are  not  mistaken,  these  important  functions  will  here¬ 
after  be  placed  in  an  altogether  different  light  from  that 
in  which  they  are  at  present  contemplated. 

Fifthly.  Of  Secretion. — From  the  blood,  are  formed, 
by  means  of  peculiar  apparatus,  all  those  numerous  pro¬ 
ducts  termed  Secretions;  not  only  so  unlike  each  other, 
but  so  unlike  the  fluid  from  which  they  are  separated. 
Some  of  these  secreted  products  appear  to  be  little  else, 
than  a  disengagement  of  certain  matters  already  existing 
in  the  blood.  Other  secretions  have  no  resemblance  to 
any  ingredient  of  the  blood  :  consequently,  in  the  glan¬ 
dular  structure,  by  which  these  secretions,  so  dissimilar 
to  the  blood,  are  formed,  the  blood  must  undergo  some 
essential  change.  In  the  present  state  of  our  information, 
however,  we  must  content  ourselves  with  a  limited  insight 
into  the  nature  and  the  causes  of  secretory  action.  We 
see  that  secreted  products  are  of  two  kinds :  that  some  of 
the  matters  separated  by  animal  bodies  are  evidently 
thrown  off,  on  account  of  their  noxious  qualities ;  are,  in 
fact,  excretions:  which  could  not  be  retained  without 
proving  fatal  to  the  life  of  the  animal  from  which  they 
are  detached :  while  other  matters  separated  from  animal 
bodies,  are  as  evidently  intended  for  further  objects, 
and  for  the  performance  of  various  subordinate  actions 

*  We  had  intended  to  state  some  objections  to  these  assumptions,  but 
have  thought  it  better  to  refer  the  reader  to  a  treatise  on  the  Statics  of  the 
Human  Chest,  Animal  Heat,  &c.,  by  Julius  Jeffreys,  Esq.,  where  some 
arguments  will  be  found  against  them,  which  appear  to  us  unanswerable. 
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in  the  living  system ;  are,  in  fact,  secretions ;  properly 
so  called.  But  as  we  have  stated,  we  are  still  per¬ 
fectly  unacquainted  with  the  intimate  nature  of  the 
changes  which  produce  the  secreted  fluids ;  though  it 
is  probable  that  a  careful  examination  of  the  phenomena, 
would  throw  much  light  on  the  general  character  of  these 
changes ;  and  would  display  evidence  of  the  most  consum¬ 
mate  design. 

Sixthly.  Spontaneous  Decay  of  Organized  Bodies. — 
It  remains  to  conclude  this  chapter  with  a  brief  notice  of 
the  spontaneous,  and  inevitable  decay  that  awaits  all  the 
things  produced  by  organization ;  after  they  have  been 
removed  from  the  influence  of  those  organic  agents,  by 
which  the  combination  of  their  constituent  elements  was 
effected. 

The  organized  beings  that  inhabit  this  globe,  however 
numerous,  are  very  few  in  comparison  with  the  magnitude 
of  the  globe,  and  seem  to  occupy  its  surface  only.  We  have 
seen  that  the  elements  forming  the  structure  of  organized 
beings,  are  not  only  combined  in  different  proportions  ;  but 
that  in  many  instances,  these  elements  appear  to  undergo 
further  decomposition  into  ultimate  forms  of  matter ; 
which,  out  of  a  living  body  do  not,  and  perhaps,  in  the 
present  constitution  of  the  universe,  cannot,  exist  in  an 
isolated  state.  Owing,  to  this  diversity  in  the  composi¬ 
tion  of  organized  beings  from  the  composition  of  inorganic 
matter ;  and  to  other  causes  which  will  readily  occur  to 
the  reader,  organized  beings  and  their  laws,  are  in  conti¬ 
nual  opposition  to  the  general  laws,  by  which  inorganic 
matter  is  governed.  To  counteract,  therefore,  these  op¬ 
posite  laws,  and  to  maintain  the  existence  of  organized 
beings,  demands  the  unremitting  efforts  of  the  organic 
agency.  But  at  length  these  efforts  are  exhausted  ;  the 
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contest  ceases  :  when  the  general  laws  of  inorganic  nature 
prevail ;  and  speedily  reduce,  to  their  original  state  of  ex¬ 
istence,  the  atoms  which  had  been  incarcerated  in  the 
living  frame. 

The  spontaneous  decay  of  organized  beings  is  usually 
termed  the  putrefactive  process  ;  and  some  substances 
have  much  more  tendency  than  others,  to  undergo  putre¬ 
faction.  As  might  be  expected  ;  substances  whose  con¬ 
stitution  is  most  simple,  as  the  oils,  and  articles  of  a  like 
nature,  are  also  the  most  permanent ;  while  substances 
more  compounded,  - especially  those  substances  which  in¬ 
clude  azote,  are  exceedingly  liable  to  putrescent  change. 
For  such  changes,  a  certain  degree  of  heat  and  of  moisture 
appear  to  be  necessary  :  since  at  a  temperature  below  the 
freezing  point  of  water,  or  in  a  perfectly  dry  state  of  the 
atmosphere,  even  animal  substances  may  be  preserved  un¬ 
altered,  during  any  length  of  time. 

The  phenomena  resulting  from  the  dissolution  of  diffe¬ 
rent  kinds  of  organized  matters  are  of  course  different ; 
but  in  every  instance,  the  tendency  is  toward  the  forma¬ 
tion  of  compounds  more  simple  than  the  matter  decom¬ 
posed  ;  that  is  to  say,  of  compounds  whose  existence,  out 
of  a  living  body,  is  not  incompatible  with  the  present 
state  of  the  globe.  The  matters  which,  in  a  warm  and 
damp  air,  seem  first  to  be  loosened  from  organic  combi¬ 
nation,  are  those  foreign  bodies  we  have  already  men¬ 
tioned,  as  existing  incidentally  in  every  part  of  the  struc¬ 
ture  of  organized  beings,  in  some  unknown  but  active 
self-repulsive  state.  Hence  arises,  during  putrescence 
the  formation  of  sulfuretted  and  phosphoretted  hydro¬ 
gen,  and  of  other  undefined  compounds  of  the  same 
elements :  and  these  gaseous  compounds,  chiefly,  produce 
the  very  offensive  odour  of  putrefaction.  At  the  same 
time,  there  are  formed,  carburetted  hydrogen,  oil,  acetic 
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acid,  ammonia,  and  last  of  all,  carbonic  acid  gas  and 
water ;  while  the  azote  is  extricated  in  a  gaseous  condi¬ 
tion.  Finally,  both  vegetable  and  animal  matters,  but 
vegetable  matters  more  especially,  are  reduced  to  the 
state  of  mould.  The  mould  from  vegetable  matters, 
consists  principally  of  carbon,  in  combination  with  a  little 
oxygen  or  hydrogen ;  the  mould  from  animal  bodies,  con¬ 
tains  the  same  elements  as  vegetable  mould,  together 
with  a  little  azote,  and  the  usual  saline  ingredients  of 
organized  substances.  In  this  form  of  mould,  the  re¬ 
mains  of  vegetables  and  of  animals,  as  was  before  stated, 
constitute  the  food  of  plants.  By  plants  these  remains 
are  organized,  and  thus  go  through  the  same  series  of 
changes. 

We  may  here  pause  for  a  moment,  and,  on  account  of 
the  general  reader,  briefly  recapitulate  the  most  striking 
facts,  which  have  been  detailed  in  the  present,  and  in  the 
preceding  chapters. 

In  the  first  place,  the  mechanical  arrangements  for  re¬ 
ducing  the  food  of  animals  to  the  proper  degree  of  com¬ 
minution,  are  wonderfully  varied ;  according  to  the  pecu¬ 
liar  qualities  of  that  food.  In  the  graminivorous  and 
granivorous  tribes,  for  example,  the  teeth  are  literally  in¬ 
struments  for  grinding  or  triturating  herbaceous  matters, 
and  seeds.  In  carnivorous  animals,  such  a  structure 
would  be  useless :  the  teeth,  therefore,  are  suited  only  for 
cutting,  or  tearing.  In  gnawing  animals,  the  teeth  pre¬ 
sent  a  totally  different  structure,  but  at  the  same  time  are 
admirably  fitted  to  the  habits  of  the  animal.  Occasionally, 
as  in  the  fowl  tribe  of  birds,  the  grinding  apparatus  is 
placed,  not  in  the  mouth,  but  in  the  stomach  itself ;  this 
organ  being,  as  it  were,  expressly  contrived  for  tritu¬ 
ration  ;  while  some  of  the  functions  the  stomach  per- 
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forms  in  other  animals,  are  transferred  to  contiguous 

o 

parts. 

The  structure  and  mechanism  of  the  stomach,  and  of 
the  alimentary  canal,  then  claimed  our  particular  attention. 
In  carnivorous  animals,  whose  food  requires  comparatively 
little  assimilation,  the  alimentary  canal  is  short,  and  of  a 
simple  structure.  On  the  other  hand,  in  vegetable 
feeders,  that  canal  is  long  and  complicated ;  but  perfectly 
adapted  for  macerating  their  food,  and  for  extracting  from 
it,  every  thing  that  can  be  converted  into  nourishment. 
Nor  is  there  an  adherence  to  any  model,  but  the  whole 
alimentary  structure  is  throughout  varied  ;  as  if  in  order 
to  demonstrate  the  power  and  the  wisdom  of  Him,  by 
whom  the  organization  of  animals  has  been  contrived. 
The  alimentary  canals  of  the  cow,  and  of  the  horse,  are 
formed  on  entirely  different  models ;  though  the  food  of 
both  animals  is  nearly  the  same. 

We  proceeded,  in  the  next  place,  to  the  consideration  of 
the  chemical  changes ,  which  the  food  undergoes  in  the 
stomach  and  duodenum.  In  these  changes  we  discover 
arrangements  not  less  wonderful,  indeed  more  wonderful, 
than  in  the  arrangements  of  structure  and  of  mechanism. 
The  variety  of  forms,  assumed  by  bodies  having  the  same 
essential  composition,  produces  a  latitude,  in  the  choice  of 
diet,  which  is  almost  infinite:  at  the  same  time,  the 
organs  being  endowed  with  the  power  to  discriminate  all 
the  differences,  and  to  act  on  the  primary  elements  of 
bodies,  elaborate  the  same  uniform  chyle,  from  every 
variety  of  food.  The  power  by  which  the  stomach  is 
enabled  to  effect  these  astonishing  changes,  is  the  power 
which  it  possesses,  of  associating  the  different  alimentary 
substances  with  water ;  the  power,  in  short,  of  dissolving, 
or  digesting  them.  This  dissolving  power  seems  to  be 
exerted  by  the  stomach,  through  the  agency  of  chlorine 
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derived  from  tlie  common  salt  in  the  blood ;  at  least, 
chlorine  is  always  present  in  the  stomach,  during  the  act 
of  the  solution  of  the  food  ;  though  the  precise  mode  in 
which  the  chlorine  operates,  is  still  unknown.  Contem¬ 
poraneously  with  the  act  of  solution  of  the  food,  such 
essential  changes  take  place  in  its  composition,  as  are  re¬ 
quisite  for  perfecting  the  future  chyle. 

The  stomach  having  accomplished  its  office,  the  digested 
mass  enters  the  duodenum ;  where  the  series  of  changes 
is  continued  in  a  manner  equally  wonderful.  In  the  duo¬ 
denum,  the  digested  mass  is  brought  in  contact  with  the 
biliary  and  the  pancreatic  fluids.  The  alkali  of  the  bile 
unites  with  the  acid,  with  which  the  food  had  been  min¬ 
gled  during  its  digestion  in  the  stomach  ;  the  excrementi- 
tious  parts,  both  of  the  food,  and  of  the  bile,  are  sepa¬ 
rated  or  precipitated ;  while  at  the  same  time,  the  pecu¬ 
liar  proximate  constituents  of  the  chyle  are  eliminated,  in 
a  condition  appropriate  for  their  absorption  by  the  lac- 
teals. 

There  are  two  divisions  of  those  minute  tubes,  com¬ 
posing  what  is  termed  the  absorbent  system  of  animals; 
— the  lacteals  — and  the  absorbents  properly  so  called. 
The  ultimate  ramifications  of  the  lacteals,  originate 
from  the  internal  surface  of  the  alimentary  canal,  where 
they  take  up  the  digested,  and  partly  assimilated,  aliment, 
or  chyle.  The  ultimate  ramifications  of  the  proper 
absorbents,  originate  from  all  parts  of  the  body ;  and  are 
enabled  to  take  up,  by  some  peculiar  process,  every  com¬ 
ponent  of  the  body,  solid  as  well  as  fluid,  in  the  same 
manner  as  the  chyle  is  taken  up  by  the  lacteals. 

The  fluid  obtained  from  the  lacteals,  and  the  fluid 
from  the  proper  absorbents,  are  both  alike  albuminous. 
The  albumen  of  the  chyle,  as  we  have  formerly  shown,  is 
produced  in  the  stomach  and  duodenum,  while  the  food 
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is  undergoing  the  process  of  digestion.  But  whence  is 
derived  the  albumen,  found  in  the  proper  absorbents  ? 
The  animal  body  we  know  to  be  composed  of  a  great 
variety  of  matters,  among  which  gelatine  predominates. 
Now,  since  albumen  only,  is  found  in  the  absorbents  ;  it 
follows,  that  the  gelatine  of  the  body  previously  to  its 
being  taken  up  by  the  absorbents,  is  re-converted  into 
albumen  :  in  other  words,  the  absorbed  gelatine  under¬ 
goes  a  process,  entirely  analogous  to  that  process  which 
gelatine,  and  other  matters,  undergo  in  the  stomach  and 
duodenum,  during  the  process  of  digestion.  Hence,  the 
digestive  process,  instead  of  being  confined  to  the  sto¬ 
mach  and  duodenum,  is  actually  carried  on  without  inter¬ 
mission,  in  all  parts  of  a  living  animal  body. 

The  two  kinds  of  fluid  albumen  derived  from  these  two 
sources;  that  is  to  say,  the  crude  chyle  in  the  lacteals,  and 
the  highly  animalized  lymph  in  the  absorbents,  are  at 
length  commingled ;  and  form  one  uniform  fluid  of  an 
intermediate  character,  adapted  for  becoming  a  part  of 
the  general  mass  of  the  blood.  The  character,  however, 
of  this  fluid,  when  it  becomes  part  of  the  blood,  though 
albuminous,  is  still  very  weak ;  that  is  to  say,  the  com¬ 
mingled  fluid  from  the  lacteals  and  from  the  absorbents 
consists  of  albumen,  holding  a  large  proportion  of  water 
in  a  state  of  essential  combination.  By  a  beautiful 
arrangement,  as  soon  as  this  weak  albuminous  fluid  has 
joined  the  stream  of  blood,  it  is  hurried  through  the 
lungs ;  where  it  undergoes  a  remarkable  change.  In  the 
lungs,  the  water,  which  we  have  shown  to  be  in  essential 
union  with  the  weak  albuminous  matter  of  the  chyle,  is 
separated  from  that  state  of  union,  and  is  expelled  along 
with  the  carbonic  acid  gas,  which  is  continually  escaping 
from  the  lungs;  the  weak  and  delicate  albuminous  matter 
of  the  chyle,  is  thus  converted  into  the  strong  and  firm 
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albuminous  matter  of  the  blood.  We  are  next  brought 
to  consider  the  process  of  respiration. 

The  blood,  in  its  course  through  the  lungs,  emits  car¬ 
bonic  acid  gas,  and  assumes  a  florid  arterial  colour.  In 
the  lungs,  the  blood  also,  according  to  the  principles  of 
gaseous  diffusion,  absorbs  a  portion  of  oxygen  from  the 
air  of  the  atmosphere.  The  oxygen  thus  absorbed,  re¬ 
mains  in  some  peculiar  state  of  union  with  the  blood, 
(Query,  as  oxygenated  water,  or  some  analogous  com¬ 
pound  ?)  till  the  blood  reaches  the  ultimate  terminations 
of  the  arteries.  In  these  minute  tubes  the  oxygen 
changes  its  mode  of  union :  the  oxygen  is  converted  into 
carbonic  acid  by  combining  with  a  portion  of  carbon 
derived  from  the  albuminous  principles  of  the  blood ;  at 
the  same  time,  heat  is  extricated.  Two  distinct  altera¬ 
tions  take  place  during  the  union  of  the  carbon  with  the 
oxygen  in  the  ultimate  terminations  of  the  arteries  :  First, 
a  portion  of  an  albuminous  principle  contained  in  the  blood, 
is  supposed  to  be  reduced  to  the  state  of  gelatine ;  to 
be  appropriated  toward  the  renovation  of  gelatinous 
textures.  Secondly,  the  carbonic  acid  formed  from  the 
albuminous,  and  perhaps  other  matters,  unites  with  the 
blood ;  communicates  to  the  blood  its  dark  venous  co¬ 
lour;  and  is  transferred  to  the  lungs.  By  the  lungs 
the  carbonic  acid  is  expelled  from  the  system  ;  along  with 
a  portion  of  aqueous  vapour,  derived  principally  from  the 
weak  albumen  of  the  chyle  ;  as  formerly  explained. 

The  blood  is  the  source,  not  only  of  all  the  constituent 
parts  of  animal  bodies,  but  likewise  of  all  the  various 
secretions  ;  many  of  which  secretions  differ  altogether,  in 
their  properties,  from  the  properties  of  the  primary 
fluids  ;  and  perform  secondary  offices,  of  great  importance 
in  the  animal  economy.  Other  products  separated  from 
the  blood,  are  purely  excretions ;  as,  for  instance,  the  car- 
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bonic  acid  gas  from  the  lungs ;  which  could  not  be  re¬ 
tained  in  the  animal  system  without  destroying  life. 

Finally,  the  life  of  the  animal  becoming  extinct,  the 
essential  properties  of  the  matter  of  which  it  is  composed, 
resume  their  natural  action,  and  speedily  restore  the  ele¬ 
ments  to  their  original  condition. 

Such  is  a  summary  of  the  operations  of  living  bodies, 
which,  in  the  present  and  in  the  preceding  chapters,  we 
have  endeavoured  to  illustrate.  Our  insight  into  these 
operations,  though  very  imperfect,  is  amply  sufficient  to 
satisfy  us,  of  the  *  infinite  wisdom  by  which  they  are 
directed ;  and  that  the  unknown,  must  be  far  more  won¬ 
derful  than  what  has  been  disclosed.  Most  of  the  facts, 
also,  on  which  we  have  dwelt,  are  of  a  character  so  ob¬ 
vious,  that  they  require  only  to  be  understood,  in  order 
to  be  admitted  among  the  proofs  of  the  great  argument 
of  design ;  at  least,  by  all,  but  persons  who  affect  to  deny 
that  argument.  We  therefore  leave  to  the  reader,  the 
application  of  facts,  so  clearly  demonstrative  of  design ; 
and  proceed  to  offer  a  few  considerations  regarding  cer¬ 
tain  general  arrangements  of  organized  and  living  beings, 
relatively  to  the  arrangements  of  inorganic  matter. 

First.  In  viewing  the  economy  of  organized  beings, 
one  of  the  circumstances  most  calculated  to  arrest  our 
attention,  is  the  extraordinary  skill  manifested  in  the  dis¬ 
posal  of  the  various  parts  of  the  organized  system,  with 
regard  to  each  other.  As  an  instance,  on  the  great 
scale,  may  be  noticed,  the  mutual  relation  and  depen¬ 
dence  of  plants  and  animals. 

The  following  table,  stating  the  general  contrast  be¬ 
tween  plants  and  animals,  has  been  recently  published 
by  MM.  Dumas  and  Cahours.* 

J 

*  Annales  de  Chimie  et  de  Physique,  tom.  vi.  p.  385.  Third  Series. 
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VEGETABLES 

Produce  neutral  azotized  sub¬ 
stances  ; 

- fatty  substances  ; 

- sugar,  starch,  and  gum ; 

Decompose  carbonic  acid ; 

- water  ; 

- ammoniacal  salts  ; 

Disengage  oxygen ; 

Absorb  heat  and  electricity  ; 
Deduce  oxydized  bodies  ; 

Are  stationary. 


ANIMALS 

Consume  neutral  azotized  sub¬ 
stances  ; 

- fatty  substances  ; 

- sugar,  starch,  and  gum  ; 

Produce  carbonic  acid 

- water ; 

- ammoniacal  salts  ; 

Absorb  oxygen  ; 

Produce  heat  and  electricity  ; 
Oxidize  bodies ; 

Are  locomotive. 


This  table  doubtless  presents  a  contrasted  outline  of 
the  general  relation  of  vegetable  and  animal  existence, 
jet,  like  many  other  comprehensive  expressions,  will 
scarcely  admit  of  literal  application  in  individual  cases. 
The  truth  is,  that  so  far  from  vegetables  and  animals 
being  separate  and  distinct  existences,  animals  may  be 
said  in  certain  respects  to  include  vegetables ;  that  is 
to  say,  in  animal  bodies  an  apparatus  exists  in  some 
measure  corresponding  to  the  vegetable  apparatus,  which 
not  only  appropriates  and  further  assimilates  albuminous, 
(i.  e.  azotized,)  oleaginous,  and  saccharine  matters,  but 
is  even  capable  within  certain  limits  of  producing  from 
more  simple  materials,  as  well  as  from  one  another, 
these  three  great  classes  of  proximate  elements.  This 
apparatus,  in  animals,  as  we  formerly  mentioned,  is 
the  hepatic  apparatus;  which  seems  to  be  analogous  in 
many  of  its  functions  to  the  Phyllic  or  leaf-function  of 
plants.  The  leaves  of  plants,  as  we  have  stated,  appropri¬ 
ate  the  carbon  from  carbonic  acid  existing  in  the  atmo¬ 
sphere,  and  liberate  the  oxygen.  The  liver  in  animals 
appropriates  saccharine  and  oleaginous  matters,  remarkable 
for  the  predominance  of  carbon  in  their  composition. 
Besides  the  analogy  between  the  colour  and  other  sensible 
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properties  of  the  phyllic  and  hepatic  secretions,  many 
other  circumstances  might  be  mentioned  in  favour  of 
their  analogy,  which  it  would  be  foreign  to  our  present 
purpose  to  detail.  Taking  for  granted  this  analogy 
between  the  phyllic  and  hepatic  functions,  we  see  in  it  a 
wise  provision  against  sudden  emergencies  arising  from 
the  temporary  absence  or  deficiency  of  proper  food ;  and 
without  which  provision  animal  existence  would  become 
impossible  or  extremely  precarious. 

Again,  what  is  said  of  plants  absorbing,  while  ani¬ 
mals  give  out  heat  and  electricity,  is  not  to  be  under¬ 
stood  in  a  literal  sense ;  since  it  is  well  known  that  many 
plants  are  capable  of  maintaining  a  certain  temperature 
above  that  of  the  surrounding  atmosphere,  and  thus  pos¬ 
sess,  in  a  limited  degree,  the  faculty  of  resisting  frost. 
Similar  remarks  might  be  made  with  respect  to  most  of 
the  other  contrasts  in  the  table.  In  short,  as  we  have 
said,  so  far  from  plants  and  animals  being  distinct  and 
separate  organizations,  they  both  possess  certain  faculties 
in  common  ;  and  animals  in  particular  may  be  said  in  a 
manner  to  include  vegetables. 

Notwithstanding,  however,  a  community  of  organiza¬ 
tion  and  of  function,  there  is  no  doubt  that,  on  the 
great  scale  of  nature,  a  certain  mutual  relation  and 
dependence  exist  between  plants  and  animals.  Thus 
carbonic  acid  gas  is  the  main  support  of  vegetable  life, 
while  nearly  the  whole  of  the  superfluous  carbon  pro¬ 
duced  by  the  operations  within  animal  bodies,  is  actually 
thrown  off  in  the  form  of  carbonic  acid.  Plants,  there¬ 
fore,  on  the  one  hand,  supply  the  chief  nourishment  to 
animals ;  while  that  gaseous  matter  wdiich  is  separated 
by  the  animal  economy,  and  which  if  retained  within 
animals,  would  to  them  be  fatal,  constitutes,  on  the  other 
hand,  the  chief  food  of  plants.  Nor  in  these  two  respects 
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only,  are  the  two  great  systems  of  organization  mutually 
dependent :  for  unless  plants  consumed  the  carbonic  acid 
gas  which  is  formed  by  animals ;  this  deleterious  com¬ 
pound  would  probably  accumulate  in  the  atmosphere,  so 
as  to  destroy  animal  life  ;  while  it  is  doubtful,  whether 
the  present  races  of  vegetables  could  exist,  if  carbonic 
acid  gas  were  not  formed  by  animals. 

Besides,  the  general  scheme  of  Providence,  for  the  nou¬ 
rishment  of  animals,  claims  our  especial  notice.  Animals 
have  not  only  been  destined  to  prey  on  each  other :  but 
all  created  beings  are  the  food  of  other  beings  progres¬ 
sively  higher  than  themselves  in  the  scale  of  organiza¬ 
tion.  By  this  arrangement,  the  labour  of  the  assimilating 
power  has  been  greatly  diminished ;  and  by  the  same 
means,  that  accumulation  of  dead  animal  remains,  which 
soon  would  be  overwhelming,  is  entirely  prevented.  Even 
in  the  fabric  of  individual  animals,  and  in  the  operations 
which  are  carried  on  within  these  beings,  the  same  wise 
purposes  of  mutual  relation  and  dependence  are  observ¬ 
able.  Thus,  whether  we  contemplate  the  repeated  em¬ 
ployment  of  the  same  materials ;  or  the  various  im¬ 
portant  ends,  in  many  instances  accomplished  by  the  same 
process ;  we  discover,  throughout,  the  utmost  abridg¬ 
ment  of  labour ;  so  that  the  greatest  possible  effect,  is 
everywhere  produced,  by  the  simplest  possible  means. 

Secondly.  The  general  subserviency,  of  the  mechani¬ 
cal  arrangements  of  the  frame  of  organized  beings,  to 
the  chemical  operations  that  are  carried  on  within  them, 
is  of  still  greater  interest  and  importance,  even  than  the 
mechanical  arrangements  of  the  frame  have  been  shown 
to  be.  We  may  view  an  organized  being  as  a  piece  of 
intricate  machinery,  adapted  to  the  physical,  and  the  che¬ 
mical  properties  of  matter.  The  adaptation  of  this 
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machinery  to  the  physical  properties  of  matter,  belongs 
to  another  department.  Our  attention  is  directed  solely 
to  the  chemical  adaptations.  The  performance  of  the 
chemical  changes  within  organized  beings,  through  the 
interposition  of  mechanical  arrangements,  as  has  been 
stated  in  a  former  part  of  this  work,  establishes,  beyond 
a  doubt,  that  these  chemical  changes  have  a  real  existence. 
Thus,  when  we  witness  such  a  display  of  elaborate 
arrangements,  as  are  exhibited  in  the  mechanism  of  the 
digestive  organs,  and  of  the  circulating  system ;  the  pur¬ 
pose  of  which  arrangements  is  merely  to  produce  a  few 
chemical  changes  in  the  food,  and  in  the  blood ;  it  is  evi¬ 
dent  that  the  chemical  changes  so  produced,  must  be  at 
least  as  real,  as  the  mechanical  structure,  by  means  of 
which  they  are  effected. 

The  adaptations  of  mechanical  arrangements  in  the 
structure  of  organized  beings,  to  the  pre-existing  chemi¬ 
cal  properties  of  matter,  afford  also  an  evidence  of  design, 
not  less  impressive  than  unequivocal.  The  most  deter¬ 
mined  sceptic  cannot  assert  that  there  is  any  necessary 
relation,  or  indeed  any  relation  whatever,  between  the 
mechanical  arrangements,  and  the  chemical  properties  to 
which  they  administer.  There  is  no  reason  why  the  che¬ 
mical  changes  of  organization,  should  result  from  the 
mechanical  arrangements,  by  which  they  are  accomplished: 
neither  is  there  the  slightest  reason,  why  the  mechanical 
arrangements  in  the  formation  of  organized  beings,  should 
lead  to  the  chemical  changes  of  which  they  are  the  instru¬ 
ments.  From  what  cause,  then,  arose  the  association  of  the 
chemical  changes  with  the  mechanical  arrangements?  How 
were  the  chemical  operations  of  digestion  and  of  respiration 
brought  into  union  with  the  mechanical  apparatus  of  diges¬ 
tion,  and  with  the  circulating  system  ?  The  co-existence  of 
things  so  entirely  dissimilar,  and  having  no  kind  of  mutual 
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relation,  can  be  explained  only  on  the  supposition  that  a 
will  exists  somewhere ;  and  also  a  power  to  execute  that  will . 
The  existence  is  thus  unavoidably  acknowledged  of  a 
Being,  who  knowing  every  pre-existing  chemical  property 
of  matter,  and  willing  to  direct  these  chemical  properties 
to  a  specific  object,  has  contrived  for  that  purpose  an  ap¬ 
paratus  admirably  fitted  to  attain  His  object.  Such  is  the 
explanation — the  only  possible  explanation,  of  the  subser¬ 
viency  of  mechanism  to  chemistry,  in  the  processes  of 
organic  life.  And  what  is  this  explanation,  but  our  argu¬ 
ment  of  design ,  in  terms  that  seem  absolutely  irresisti¬ 
ble  ? 

Thirdly.  The  perpetual  renovation  and  decay  to  which 
all  organized  beings  are  liable,  may  be  considered  as  a  part 
only  of  the  great  round  of  changes  we  witness  in  every 
thing  that  has  been  created.  The  world  itself,  as  we  have 
seen,  appears  to  have  been,  at  intervals,  subjected  to  changes 
involving  even  the  fundamental  laws  by  which  it  is 
governed.  Nothing,  therefore,  belonging  to  the  world, 
can  reasonably  be  expected  to  be  permanent.  Had  there 
been  even  an  approach  to  such  permanence,  the  beautiful 
adaptations  of  organized  beings  to  the  pre-established 
laws  of  inanimate  matter,  and  all  the  other  wonderful 
arrangements  we  have  described,  could  not  have  been 
manifested  as  they  now  are.  Besides,  to  the  changes 
we  ourselves  undergo,  we  are  indebted  for  the  greater 
part  of  the  enjoyments  of  our  life.  If  none  died,  none 
could  be  born ;  and  the  present  order  of  human  society 
could  have  no  existence.  There  would  be  none  of  the 
pleasing  relations  of  parent  and  offspring ;  none  of  the 
agreeable  variety  of  childhood,  of  youth,  of  maturity,  and 
of  age,  experienced  by  every  individual;  which,  with  all 
the  other  numerous  relations  of  society,  incidental  to  the 
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persons  of  different  individuals,  contribute  so  largely  to 
human  happiness.  Were  man  exempt  from  change  ; 
whether  the  rest  of  the  world,  were  supposed  to  be  pro¬ 
gressive,  as  it  is ;  or  to  be  stationary ;  as  regards  him,  the 
same  uniform  and  dull  monotony  would  prevail,  the  same 
want  of  motive.  In  short,  with  our  present  constitution 
and  feelings,  perpetuity  and  uniformity  are  physically  and 
morally  impossible. 

But  why,  it  has  a  thousand  times  been  asked,  why  has 
the  world  been  so  constituted  ?  Why  this  unceasing 
round  of  change  ?  Whence  its  origin  ?  What  its  object  ? — 
Such  questions,  the  Great  Author  of  the  Universe  alone 
can  answer.  But  as  within  those  narrow  limits  by  which 
our  observations  are  bounded,  wherever  we  can  trace  His 
designs,  we  see  that  His  works  are  never  without  an  object ; 
we  cannot  doubt  that  in  determining  their  j^erpetual  reno¬ 
vation  and  decay,  there  is  no  less  an  object ;  though  the  ob¬ 
ject  be  above  our  comprehension.  By  placing  immaterial 
and  intelligent  beings,  for  a  time,  in  personal  connexion 
with  matter,  He  has  indeed  communicated  to  them  a  know¬ 
ledge  of  those  properties  of  matter  which  so  strikingly 
display  His  wisdom  and  power;  and  this,  as  we  have 
stated,  may  have  been  one  of  His  objects :  but  to  specu¬ 
late  further  on  points  so  utterly  beyond  our  capacity, 
would  be  presumptuous :  for  who  can  “  know  the  mind  of 
God,  or  who  hath  been  His  counsellor?” 


490 


CHEMISTRY  OF  ORGANIZATION. 


We  have  thus  given  a  brief  outline  of  what  has  been 
denominated  the  Chemistry  of  organization ;  in  other 
words,  an  account  of  those  changes  and  combinations 
which,  through  the  operation  and  the  agencies  of  inorganic 
matter,  organic  agents  are  capable  of  effecting.  The  in¬ 
formation  it  has  been  in  our  power  to  give,  though  imper¬ 
fect,  we  have  shown  to  be  amply  sufficient,  not  only  to 
demonstrate  the  astonishing  wisdom,  and  foresight,  with 
which  organized  beings,  in  as  far  as  we  can  understand 
them,  have  been  contrived  and  formed ;  but  the  infinitely 
higher  perfection  of  both  these  attributes,  requisite  to 
impart  to  organization,  that  vitality,  the  nature  of  which 
so  entirely  surpasses  our  conception. 

We  shall  now  finally  close  this  volume  with  a  few  con¬ 
siderations  on  the  future  progress  of  chemistry ;  on  the 
means  by  which  this  science  may  be  applied  to  physiolo¬ 
gical  research  ;  and  on  the  tendency  of  physical  know¬ 
ledge  in  general. 

Chemistry,  as  we  pointed  out  in  the  introduction  of 
this  treatise,  forms  the  connecting  link  between  that  kind 
of  knowledge  which  is  founded  on  quantity ;  and  those 
kinds  of  knowledge  which  rest  solely  on  experience.  All 
our  experimental  knowledge  that  is  not  chemical ;  for  in¬ 
stance,  all  physiology  relative  to  the  phenomena  of  life,  is 
wholly  removed  from  the  logic  of  quantity,  and  depends 
entirely  on  observation.  Now  so  far  as  the  logic  of  quan¬ 
tity  is  applicable  ;  so  far  are  we  certain  of  our  conclusions ; 
as  certain  at  least  as  we  are  of  our  own  existence,  or  that 
we  see  and  hear.  But  wdien  this  logic  cannot  be  applied  ; 
our  conclusions  are  no  longer  such  as  must  be — no  longer 
follow  from  our  premises  as  a  necessary  consequence  ;  but 
are  only,  for  the  most  part,  such  as  may  be  ;  that  is  to  say, 
have  no  more  than  that  degree  of  probability,  which  arises 
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from  the  evidence  we  have  of  the  truth  of  the  phenomena 
or  events,  forming  our  premises. 

In  all  knowledge  depending  on  mere  observation  or  ex¬ 
periment  ;  what  we  know,  is  grounded  on  our  own  obser¬ 
vation  and  exjierience,  or  on  the  observation  and  expe¬ 
rience  of  others.  What  we  ourselves  observe,  we  too 
often  observe  very  imperfectly ;  or  do  not  understand, 
when  observed.  But  phenomena  or  events,  the  know¬ 
ledge  of  which  we  are  obliged  to  receive  at  second  hand, 
on  the  testimony  of  others ;  and  which  may  have  been  ob¬ 
served  through  the  distorted  medium  of  ignorance  or  of 
prejudice — may  even  have  been  wilfully  misrepresented — 
of  these  phenomena  we  have  a  still  less  assurance.  If  a 
phenomenon  or  event  has  happened  only  once,  and  be 
therefore  historical ;  we  are  under  the  necessity  of  acqui¬ 
escing  in  its  truth,  or  of  estimating  its  probability,  ac¬ 
cording  to  the  rules  of  evidence.  If  the  phenomenon  or 
event  be  of  frequent  occurrence,  or  if  it  be  capable  of  being 
brought  under  our  own  observation  ;  in  order  to  remove 
our  uncertainty,  we  endeavour  to  observe  it  ourselves ;  in 
short,  we  make  an  experiment.  Such  is  the  method  we 
pursue,  in  obtaining  all  that  knowledge  which  is  the  result 
of  mere  observation.  The  different  events  succeed  one 
another,  but  we  know  not  wherefore ;  we  see  not  their 
mutual  connexion.  We  believe  that  an  event  will,  pro¬ 
bably ',  follow  another  event ;  because  the  one  event  has 
always  followed  the  other  ;  or  because  of  some  other  pro¬ 
bability  :  but  we  cannot  discover  that  necessary  connexion 
between  the  two  events,  which  so  irresistibly  leads  us  to 
determinate  conclusions,  where  we  can  apply  the  laws  of 
quantity. 

The  foregoing  statements  may  be  viewed  as  a  continua¬ 
tion  of  those  which  were  offered  as  preliminary  to  the  first 
treatise  in  this  volume ;  and  relate  chiefly  to  the  progress 
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of  chemistry.  Chemistry  being  a  science  of  observation, 
we  can  form  but  a  very  imperfect  conception  of  its  future 
progress ;  because,  we  cannot,  by  reasoning,  anticipate  the 
discovery  of  those  chemical  facts  which  are  yet  concealed. 
The  progress  chemistry  has  made  within  these  few  years, 
is  truly  astonishing ;  and  when  a  more  rigorous  mode  of 
observation  shall  be  adopted — in  short,  when  chemistry 
shall  be  brought  more  under  the  control  of  the  laws  of 
quantity — a  control  which  will  be  exercised,  at  least  indi¬ 
rectly — it  is  impossible  to  foretell  the  degree  of  perfection, 
chemistry  may  attain  as  a  science.  But,  for  many  years 
yet  to  come,  the  progress  of  chemistry  must  depend  solely 
on  experiment ;  and  its  cultivators  must  be  satisfied  with 
the  comparatively  humble  office,  of  discovering  the  actual 
chemical  changes,  which  bodies  effect  on  each  other. 

Since,  then,  in  knowledge  derived  from  observation,  an 
acquaintance  with  what  exists ,  and  with  what  is  done ,  is 
indispensable  :  to  obtain  a  clear,  accurate,  and  unequivocal 
conception  of  natural  objects,  and  of  the  changes  to  which 
they  are  liable,  is  the  first  duty  of  every  observer,  and  of 
every  experimentalist.  Nor  is  there  any  observer,  or  ex¬ 
perimentalist,  however  unpretending,  who  may  not  add  to 
the  stock  of  ascertained  facts  ;  so  varied  and  inexhaustible 
are  the  stores  of  nature.  Another  duty  of  every  one  who 
engages  in  observation  or  experiment,  is  to  become  the 
faithful  historian  of  what  he  witnesses  ;  to  narrate  in 
plain  and  intelligible  language,  the  event  or  phenomenon 
he  has  observed ;  so  that  a  just  notion  of  it  may  be  con¬ 
veyed  to  others.  We  say  a  just  notion;  in  the  greater 
number  of  instances,  &  perfect  notion  is  impossible;  because 
what  is  seen,  cannot  be  expressed  by  language.  But  to 
give  a  just  notion ;  that  is,  a  notion  which,  though  incom¬ 
plete,  has  no  foreign  or  false  gloss  ;  is  within  the  power 
of  every  observer  ;  and  to  give  such  a  notion  of  the  facts 
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he  narrates,  ought  to  be  his  chief  study.  One  testimony 
of  so  faithful  a  witness  is  often  invaluable,  and  worth  a 
thousand  vague  and  inaccurate  observations ;  which  are 
only  calculated  to  bewilder,  or  to  mislead ;  and  thus  are 
worse  than  useless. 

The  next  rule  which  an  interpreter  of  nature  ought  to 
bear  in  mind,  is  not  to  attempt  too  much  at  first ;  but  in 
order  to  establish  a  sure  foundation  for  his  succeeding 
labours,  be  content  with  obvious  and  unexceptionable 
facts ;  and  so  arrange  these  facts,  that  they  may  lead  to 
others.  To  elicit  novel  and  prominent  facts,  is  the  lot  of 
few;  and  any  one  may  happen  to  be  so  successful.  But 
all,  as  before  stated,  may  investigate  truth ;  and  thus  con¬ 
tribute  more  or  less  toward  the  advancement  of  know¬ 
ledge.  Moreover  the  humblest  contributors  may  rest  as¬ 
sured,  that  they  are  imperceptibly  raising  a  structure, 
which  will  sooner  or  later  include  the  conspicuous  labours 
of  their  more  fortunate  coadjutors  ;  in  which  structure, 
these  labours  will  indeed  still  appear  conspicuous  ;  though 
their  importance  will  be  diminished  as  the  fabric  is  ex¬ 
tended  around  them. 

The  remarks  just  now  made,  have  especial  reference  to 
the  application  of  chemistry  to  physiology.  The  cautious 
and  judicious  application  of  chemistry  to  physiology  has 
already  effected  much,  and  is  capable  of  effecting  still 
more.  Indeed,  no  one  can  pretend  to  be  a  Physiologist 
who  is  ignorant  of  chemistry.  But  chemistry,  in  its  pre¬ 
sent  state,  in  order  to  be  made  really  useful,  must  be  ap¬ 
plied  in  a  manner  the  most  guarded  and  sparing — must, 
indeed,  be  rigidly  confined  to  the  ascertainment  of  what 
the  living  principle  does ;  and  how  the  living  principle  ope¬ 
rates  on  the  constituent  elements  of  matter.  With  the 
living,  the  animative  properties  of  organized  bodies,  che¬ 
mistry  has  not  the  smallest  alliance  ;  and  probably  will 
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never,  in  any  degree,  elucidate  these  properties.  The 
phenomena  of  life,  are  not,  even  remotely,  analogous  to 
any  thing  we  know  in  chemistry,  as  exhibited  among  in¬ 
organic  agents.  The  great  error  of  chemists,  therefore, 
has  been  their  attempting  to  apply  that  science  to  ex¬ 
plain  phenomena,  for  the  explanation  of  which,  chemistry, 
as  we  have  said,  is  totally  valueless.  Such  perversion  of 
the  reasoning  powers,  has  too  much  prevailed  among  phy¬ 
siologists  in  all  ages.  In  the  earlier  ages,  heat  was  con¬ 
sidered  the  principle  of  life.  In  later  times,  electricity  has 
been  discovered ;  and  to  electricity,  the  same  functions 
have  been  ascribed.  Life,  according  to  other  philosophers, 
is  motion.  But  the  progress  of  science  has  dispelled  all 
these  illusions  :  the  origin  of  the  obscure  and  evanescent 
principle  of  life,  must  be  sought  elsewhere.  By  heat, 
many  wonderful  things  may  be  accomplished ;  but 
heat  will  not  act  of  itself.  The  powers  of  electricity 
are  still  more  wonderful  than  the  powers  of  heat :  but 
electricity,  we  know  to  be  governed,  in  its  mode  of  action, 
by  certain  laws ;  and  we  know  that  electricity  gives  no 
sign  of  intelligence.  In  the  same  manner,  life,  as  we  are 
acquainted  with  it,  cannot  exist  without  motion ;  but 
motion  can  exist  without  life.  Life  and  motion,  conse¬ 
quently,  are  not  synonymous  terms ;  nor  can  we  conceive 
the  existence  of  motion,  without  a  mover.  In  short,  the 
living  principle,  as  we  have  already  shown,  is  something 
different  from,  and  superadded  to  the  common  agencies 
of  matter ;  over  which,  to  a  certain  extent,  it  has  a  con¬ 
trol.  Thus,  the  phenomena  exhibited  by  the  mysterious 
agency  of  life,  are  strictly  comparable  only  with  one 
another ;  and  have  no  relation  to  any  inorganic  pheno¬ 
mena. 

But  the  desire  of  the  Physiologist  to  ascribe  to  the  agen¬ 
cies  of  inorganic  matter,  those  operations  ascertained  to 
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be  carried  on  within  living  bodies,  is  merely  a  display  of 
that  innate  propensity  of  the  human  mind,  by  which  we 
are  led  to  seek  after  First  Causes.  The  conceptions  of 
the  physiologist  regarding  the  principle  of  life  are  the  same, 
therefore,  as  the  conceptions  of  mankind  in  all  ages  re¬ 
garding  the  Great  First  Cause — the  Deity  himself.  The 
poor  untutored  savage  “  sees  God  in  every  cloud,  and  hears 
him  in  the  wind.”  The  complacent  philosopher  smiles  at 
the  credulity  of  the  savage,  and  perhaps  deifies  “  the  laws 
of  nature  !”  Both  are  alike  ignorant ;  nor  is  the  imagined 
Supreme  Being  of  the  untaught  savage,  in  any  degree 
more  absurd,  than  the  imagined  Pantheism  of  the  philo¬ 
sopher.  The  winds  we  know  can  be  referred  to  other 
causes,  to  which  they  are  immediately  owing :  so  with 
the  progress  of  knowledge,  the  “  laws  of  nature,”  have 
been  found  to  merge,  and  will  continue  to  be  found  to 
merge,  into  other  laws,  still  more  general ;  still  proving 
that  these  “  laws  of  nature”  are,  all  alike,  mere  delegated 
agencies.  Hence  the  tendency  of  knowledge,  and  of  its 
due  application,  is  to  abstract  the  attention  from  inferior 
things,  and  to  fix  the  mind  on  the  source  of  all  knowledge 
and  of  all  power — the  Great  First  Cause  ;  who  exists 
and  acts  throughout  the  universe  ;  whom  we  can  approach 
only,  by  studying  His  works ;  and  whose  works,  an  eternity, 
will  be  inadequate  to  explore.* 

*  We  have  permitted  these  observations  on  the  application  of  Che¬ 
mistry  to  Physiology  to  remain  as  in  the  former  editions  of  this  work  ; 
because  we  think  attention  to  them  is  still  more  requisite  than  when  they 
were  first  published.  From  want  of  due  attention  to  the  nature  and  powers 
of  Chemistry,  this  most  interesting  and  valuable  branch  of  knowledge 
has,  in  recent  times,  been  sadly  misapplied  ;  and  without  more  caution 
in  future,  we  fear  it  will  be  ultimately  discarded  by  all  those  who  care¬ 
fully  study  the  phenomena  of  living  beings. 
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BOOK  I.  CHEMISTRY. 

Chapter  viii.  page  84,  fyc.  In  this  edition  we  have  omitted  the  at¬ 
tempt  to  illustrate  homogeneous  and  heterogeneous  molecular  arrange¬ 
ments.  The  following  note  is  intended  to  supply  this  omission,  and  to 
furnish  a  key  to  the  whole  subject : 

It  is  assumed  that — 

1 .  All  matter,  as  it  is  known  to  us,  ultimately  exists  in  the  condi¬ 
tion  of  molecules  ;  which  molecules  wre  consider  to  be  virtually  spheres 
or  spheroids. — See  note,  page  87. 

2.  All  the  spherical  or  spheroidal  molecules,  when  unimpeded, 
have  a  tendency  to  revolve  on  their  axes ,  with  velocities,  which  in  mole¬ 
cules  having  the  same  weight,  are,  under  similar  circumstances,  fixed 
and  definite  ;  but  which  velocities,  according  to  a  law  which  need  not 
be  here  specified,  increase  in  molecules  of  different  weights,  as  the 
weights  of  the  molecules  diminish. 

3.  Material  forces,  whether  exerted  between  masses  or  molecules 
of  matter,  are  two  only — the  one  force  being  attractive,  centripetal  and 
positive  ;  the  other  repulsive ,  centrifugal ,  and  resultant ,  i.  e.  (result¬ 
ing  from  the  motion  of  a  mass  or  molecule  on  its  axis.) 

4.  These  two  forces  exerted  between  two  masses  of  matter,  consti¬ 
tute  the  forces  of  gravitation  ;  while  exerted  between  two  molecules 
of  matter ,  they  constitute  the  forces  of  polarization  (Polarity) . 

5.  The  phenomena  of  Polarity  result  from  the  motions  of  two 
contiguous  molecules  on  their  axes.  Polarity  is  of  two  kinds — Polarity 
resulting  from  the  motions  of  two  similar  molecules  ;  Homogeneous 
polarity ;  (Cohesive  attraction  and  divulsion)  :  and  Polarity  resulting 
from  the  motions  of  two  dissimilar  molecules  ;  Heterogeneous  polarity  ; 
( Chemical  attraction  and  repulsion). 
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Homogeneous  polarity. 

6.  a.  When  two  similar  and  contiguous  molecules,  having  their 
axes  and  poles  in  the  parallel  position  represented  in  Fig.  6,  page  80, 
move  together,  their  equatorial  motions  being  in  opposite  directions, 
mutually  impede  each  other,  and  allow  (other  circumstances  being  favour¬ 
able)  the  two  molecules  to  unite  into  one  statical  molecule,  in  virtue  of 
their  reciprocal  attractive  forces.  A  large  number  of  pairs  of  molecules 
similarly  posited,  unite  together  symmetrically,  and  form  a  solid  mass 
or  crystal. 

7.  b.  When  two  similar  and  contiguous  molecules,  having  their 
axes  and  poles  in  the  parallel  position,  represented  in  Fig.  7,  page  80, 
(i.  e.  reversed,)  their  equatorial  motions  being  in  the  same  direction, 
so  far  from  impeding,  assist  each  other’s  motion,  and  produce  a  ten¬ 
dency  to  separation  between  the  two  contiguous  molecules.  A  large 
number  of  pairs  of  molecules  similarly  posited  produce  the  jluid  or 
gaseous  condition  of  bodies. 

8.  c.  When  two  similar  and  contiguous  molecules  have  such  velo¬ 
city  that  their  axes  assume  a  position  at  right  angles  to  each  other,  their 
reciprocal  influences  are  neutralized,  and  the  two  contiguous  molecules 
have  neither  a  tendency  to  unite  nor  to  separate.  A  large  number  of  pairs 
of  molecules  similarly  posited,  constitute  the  liquid  condition  of  bodies. 

From  the  preceding  assumptions,  it  may  be  inferred,  first,  that — two 
similar  and  contiguous  molecules  in  motion,  in  the  position  a ,  may  be¬ 
come  relatively  statical  by  combining  at  any  two  corresponding  points 
between  their  equators  and  poles  inclusive  ;  and  consequently  that  solids 
may  result  from  numerous  symmetrical  combinations  in  all  these  inter¬ 
mediate  points.  Th e, points  of  union  between  two  contiguous  molecules 
may  be  supposed  to  be  determined  by  the  figures  and  velocities  of  the 
molecules  ;  and  the  character  of  the  compound  molecule  may  vary  some¬ 
what  according  as  the  points  of  union  are  at  the  poles  or  at  the  equators. 
Secondly,  that — two  similar  and  contiguous  molecules  in  motion  in  the 
position  b,  can  never  become  statical  at  their  poles,  where  their  motions 
are  in  opposite  directions. 

Heterogeneous  polarity. 

Considering  now  the  relations  of  two  contiguous  molecules  having  un¬ 
equal  weights  and  velocities  in  the  three  positions  a ,  b,  and  c  :  it  is  as¬ 
sumed,  that — 

9.  a.  When  two  dissimilar  and  contiguous  molecules,  moving  with 


APPENDIX. 


501 


different  velocities  have  their  axes  and  poles  in  the  same  position  a  ; 
their  opposite  equatorial  motions  cannot  arrest  each  other,  so  as  to  allow 
of  the  statical  union  of  the  two  contiguous  molecules  at  any  point 
between  their  equators  and  poles.  But  when  two  dissimilar  and  con¬ 
tiguous  molecules,  moving  with  different  velocities,  have  their  axes 
in  a  straight  line ,  and  their  dissimilar  poles  contiguous,  and,  of  course, 
moving  in  the  same  direction,  the  two  dissimilar  molecules  may  unite 
statically  at  those  moments  wdien  the  motions  of  the  two  molecules  are 
coincident ;  e.  g.  two  molecules,  the  one  moving  twice  as  fast  as  the 
other,  may  unite  at  every  revolution  of  the  slower  molecule,  which  will 
be  coincident  with  every  second  revolution  of  the  quicker.  Hence  the 
more  simple  the  relation  between  the  weights  and  motions  of  two  mole¬ 
cules,  the  more  readily  will  they  unite,  and  the  more  stable  will  be  their 
union. 

10.  b.  When  two  dissimilar  and  contiguous  molecules,  moving  with 
different  velocities,  have  their  reversed  axes  and  poles  in  the  parallel 
position  b,  their  equatorial  motions  being  in  the  same  direction,  have  a 
tendency  to  separate  the  two  molecules ;  while  their  axial  or  polar  mo¬ 
tions  being  in  opposite  directions  also  prevent  union  at  their  poles. 

1 1 .  c.  When  twro  dissimilar  and  contiguous  molecules  have  such 
velocity  that  their  axes  assume  an  angular,  and  more  especially  a  rect¬ 
angular  position,  they  have  neither  a  tendency  to  unite  nor  to  separate  ; 
but  such  a  position  may  be  considered  as  very  unstable,  and  favourable 
for  change. 

The  preceding  assumptions  lead  to  the  inference  that  Heterogeneous 
or  Chemical  union  is  only  a  particular  case  of  Homogeneous  statical  union ; 
and  that  Heterogeneous  or  Chemical  repulsion  is  the  same,  or  rather  re¬ 
sults  from  the  same  cause,  as  Homogeneous  divulsion.  The  assump¬ 
tions  further  lead  to  the  important  inference  that  the  phenomena  of 
Chemistry  can  be  understood  only  by  studying  them  in  connexion  with 
the  phenomena  of  Cohesion.  To  enter  on  the  subject  in  detail  would 
occupy  a  volume.  We  can  only  say,  that  those  who  will  take  the  pains 
to  study  molecular  phenomena  in  general,  and  particularly  Chemistry  on 
these  principles,  will  obtain  an  insight  into  many  matters  at  present  inex¬ 
plicable. 

It  remains  to  conclude  with  one  or  two  remarks  on  imponderable 
molecular  operations  : 

12.  The  molecules  of  the  imponderable  matters  light  and  heat  are 
assumed  to  be  immeasurably  smaller ,  and  to  move  with  inconceivably 
greater  velocity ,  than  the  molecules  of  any  ponderable  substance  ;  their 
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substance  is  supposed  to  be  of  such  a  nature  as  to  allow  them,  or  at  least 
their  influences,  to  become  virtually  more  or  less  oblate,  in  proportion 
to  the  intensity  of  their  motion  ;  per  se,  probably  also  the  imponderable 
matters,  light  and  heat,  are  insensible  to  us. 

13.  We  suppose,  that  the  molecules  of  imponderable  matters,  from 
their  extreme  minuteness,  are  capable  of  pervading  and  operating  within 
and  among  ponderable  molecules  ;  that  the  intensity  of  the  motion  of  the 
molecules  of  imponderable  matters  influences  the  motions  of  the  molecules 
of  ponderable  bodies,  and  urges  the  ponderable  molecules  to  move  with 
velocities  far  beyond  the  velocities  proper  to  them  ;  that  ponderable  mole¬ 
cules  in  this  unnatural  state  of  velocity  are  the  cause  of  the  sensations 
we  term  light,  heat,  fyc.  ;  and  that  the  molecules  of  imponderable  matters 
thus  appear  in  the  character  of  agents. 

14.  Finally,  we  assume  that  polarity  becomes  sensible  in  fluids  when 
molecules  are  more  or  less  separated  from  the  neutralizing  influence  of 
their  contiguous  molecules,  and  move  together  in  the  same  direction ; 
that  the  opposite  motions  of  contiguous  molecules  thus  separated  and 
moving  together  alone,  are  the  cause  of  opposite  ( positive  and  negative) 
polarities  ;  that  the  intensity  of  the  polarities  of  molecules  is  of  two  kinds, 
the  intensity  depending  on  the  greater  or  less  velocity  of  the  molecules  ; 
and  the  intensity  depending  on  the  greater  or  less  separation  of  the  poles 
of  contiguous  molecules  ;  and,  finally,  that  the  quantity  of  polarity  is 
proportional  to  the  number  of  pairs  of  molecules  moving  together  at 
the  same  time  and  in  the  same  direction. 

Page  60. — Light  and  heat,  and  indeed  all  fluids  besides,  have  been 
stated  to  possess  two  kinds  of  repulsive  power  :  that  repulsive  power 
which  is  common  to  them  as  fluids,  and  which  may  be  imagined  to 
result  from  the  aggregate  motions  of  all  the  molecules  of  which  they 
are  composed ;  and  that  self-repulsive  power  which  we  have  supposed 
to  depend  on  the  mutual  action  of  the  contiguous  or  alternate  molecules 
of  fluids,  when  these  molecules  are  in  the  relative  positions  which  they 
are  naturally  inclined  to  assume,  particularly  in  a  state  of  motion.  It  is 
probable  however  that  the  marshalling  of  the  individual  molecules,  as 
those  of  light,  does  not  become  apparent,  till  they  approach,  or  pass 
through,  some  ponderable  and  transparent  medium  :  and  the  passage 
of  light  and  heat  through  such  a  medium,  may  perhaps  be  rendered  more 
intelligible,  by  the  following  exposition  of  what  appears  to  happen 
with  respect  to  gaseous  bodies. 

The  force  of  diffusion,  on  which  depends  the  rapidity  of  the  motion 
of  gaseous  bodies,  through  any  permeable  medium,  increases  as  their 
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specific  gravity  diminishes.  Thus  the  force,  with  which  the  lightest  of 
these  bodies,  hydrogen,  struggles  to  escape  through  any  porous  matter, 
is  almost  incredible ;  according  to  Mr.  Graham’s  experiments,  sufficient 
to  raise  a  column  of  water  from  twenty  to  thirty  inches.  This  rapidity 
of  motion  seems  only  explicable  on  the  supposition,  that  the  individual 
molecules  of  the  gas,  in  their  passage  through  narrow  canals,  are 
guarded  from  external  and  lateral  influence ;  and  are  thus  enabled  to 
assume  those  positions  which  are  natural  to  them,  and  in  which  their 
mutual  self-repulsion  is  the  greatest  possible.  Hence,  a  single  row  of 
self-repulsive  molecules  of  a  gas  (or  other  self-repulsive  fluid)  passing 
through  the  minute  apertures  of  a  porous  vessel  into  a  vacuum  ;  or  what 
is  analogous,  into  another  gas  having  different  self-repulsive  powers ; 
may  be  compared  to  a  row  of  bullets  urged  by  an  elastic  fluid,  in  quick 
succession  through  a  gun-barrel :  but  with  this  difference,  that  the 
gaseous  molecules  propel  each  other ;  instead  of  being,  like  the  bullets, 
propelled  by  a  foreign  agency.  The  explanation  now  offered  of  the 
passage  of  the  molecules  of  a  gas  through  a  narrow  canal,  or  through 
any  porous  matter,  may;  as  we  have  said,  be  applied,  not  only  to  the 
passage  of  light  and  heat  through  various  media ;  but  also  to  the  pas¬ 
sage  of  liquids  through  various  bodies,  by  the  processes  which  have 
been  termed  endosmose  and  exosmose.  Do  these  forces  operate  in 
capillary  attraction  ?  Are  the  molecular  motions  of  fluids  the  cause  of 
those  motions,  which  solid  particles  of  matter  diffused  through  them, 
sometimes  exhibit  ? 

Page  98. — Diffusion  of  gaseous  bodies.  There  are  three  distinct  mo¬ 
difications  or  cases  of  gaseous  diffusion,  of  which,  the  following  brief 
statement  will  afford  some  explanation. 

First.  The  diffusion  through  each  other  of  two  different  gaseous 
bodies  of  the  same,  or  of  different  specific  gravities. 

Secondly.  The  diffusion  through  each  other  of  a  gaseous  body  and  a 
vapour. 

Thirdly.  The  diffusion  through  each  other  of  two  portions  of  the 
same  gaseous  body,  or  vapour,  having  different  temperatures ,  and  conse¬ 
quently,  different  specific  gravities. 

First.  Of  these  three  modifications  or  cases  of  gaseous  diffusion,  the 
diffusion  of  two  different  gaseous  bodies  through  each  other,  is  the  best 
known,  and  is,  we  believe,  the  only  case  of  diffusion  that  has  been  ex¬ 
perimentally  investigated.  By  way  of  illustrating  the  phenomena,  let  us 
suppose  a  flexible  air-tight  bag  to  be  furnished  with  a  stop-cock,  and  to  be 
filled  with  a  gaseous  body,  having,  under  the  same  temperature  and  pres- 
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sure,  precisely  the  same  specific  gravity  as  atmospheric  air.  Let  us  now 
suppose  the  stop-cock  to  he  opened.  Immediately,  the  gaseous  body  in 
the  bag,  and  the  external  atmospheric  air,  will  begin  to  intermingle  with 
equal  velocities  ;  so  that  for  each  molecule  of  the  gaseous  body  passing 
outwards,  a  molecule  of  atmospheric  will  pass  inwards ;  and  conse¬ 
quently  under  every  circumstance  of  admixture,  the  hulk  of  gaseous 
matter  existing  in  the  bag  will  be  the  same.  This  is  the  simplest  case 
of  the  diffusion  of  gaseous  bodies  throughout  each  other,  and  will  serve 
to  give  the  reader  some  notion  of  that  most  remarkable  phenome¬ 
non  in  its  elementary  form.  Philosophers  as  we  have  said,  explain 
the  phenomena  of  diffusion,  by  supposing  that  the  molecules  of  any  gas 
are  self-repulsive  or  repel  each  other,  in  preference  to  the  molecules  of 
all  other  gases  :  so  that  each  gas  is,  as  it  were,  a  vacuum  to  the  other  : 
and  the  mode  in  which  this  self-repulsive  power  may  be  imagined  to 
operate,  has  been  stated  in  the  preceding  note. 

The  case  to  be  next  considered  is  that  in  which  the  air-tight  bag  is 
supposed  to  contain  some  gaseous  body,  having  a  specific  gravity  dif¬ 
ferent  from  atmospheric  air  ;  as  for  instance,  hydrogen  gas.  In  this  case, 
on  opening  the  stop-cock,  the  hydrogen  in  the  bag,  and  the  exterior 
atmospheric  air  will  begin  to  commingle  with  a  force  and  velocity  propor¬ 
tional  to  the  quantities  of  the  gases  diffused  ;  which  quantities  will  be 
found  to  vary  inversely  as  the  square  roots  of  the  specific  gravities  of 
hydrogen  gas  and  atmospheric  air  ;  that  is  to  say,  the  volume  of  atmo¬ 
spheric  air  diffused  inwards  being  supposed  to  be  equal  to  1,  the  volume 
of  hydrogen  diffused  outwards  will  be  equal  to  3*8  nearly.  These 
phenomena  show  that  the  velocity,  or  rate  of  diffusion  of  gaseous  bodies 
through  each  other,  has  reference  to  their  specific  gravities. 

Secondly.  The  law  of  diffusion  of  a  gaseous  body  and  a  vapour, 
through  each  other,  is  probably  different  from  the  law  of  the  diffusion 
of  two  gaseous  bodies  through  each  other ;  because  the  self-repulsive 
properties  of  molecules  of  vapours  and  of  gases  are  probably  different. 
On  the  supposition  that  the  velocities  of  diffusion  between  a  gaseous 
body  and  a  vapour,  have  reference  to  the  specific  gravities  of  the  gaseous 
bodies  ;  the  velocity  of  diffusion  of  a  vapour,  (the  vapour  of  water  for 
instance,)  through  air,  must  increase  as  the  temperature  diminishes  ; 
that  is  to  say,  as  the  specific  gravity  of  the  vapour  diminishes.  Hence, 
in  high  latitudes,  the  velocity  of  diffusion  must  be  extreme  ;  and  this 
extreme  velocity  may  be  supposed  to  cause  the  total  quantity  of  water 
evaporated  in  a  given  time  in  such  latitudes  to  he  considerable,  and 
thus  to  compensate  amply  for  the  small  quantity  held  in  solution. 

Thirdly.  The  diffusion  through  each  other  of  two  portions  of  the 
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same  gaseous  body  or  vapour  having  different  temperatures,  and  conse¬ 
quently  different  specific  gravities  ;  like  the  diffusion  of  a  gaseous  body 
and  a  vapour,  has  not  we  believe  been  the  subject  of  experiment.  But 
on  the  supposition  that  the  self-repulsive  properties  of  the  molecules  of 
a  gas  or  vapour  at  different  temperatures  are  different  ;  and  that  the 
velocities  of  diffusion  between  two  such  portions  of  gaseous  bodies  or 
vapours  have  reference  to  their  specific  gravities  ;  we  may  imagine  that 
there  is  a  constant  tendency  to  diffusion  between  portions  of  air  of 
different  temperatures  ;  as  for  instance  between  the  warmer  and  lighter 
air  of  the  equator,  and  the  colder  and  heavier  air  of  the  poles  ;  between 
the  colder  and  lighter  vapour  of  the  poles,  and  the  warmer  and  heavier 
vapour  of  the  equator  :  or  between  the  colder  and  lighter  vapour  of  the 
upper  regions  of  the  atmosphere,  and  the  warmer  and  heavier  vapour 
at  the  surface  of  the  earth.  Nor  is  it  improbable  that  many  natural 
phenomena  which  appear  to  us  at  present  inexplicable,  depend  on 
these  tendencies.  The  diffusive  powers  of  elastic  fluids  are  at  present 
very  little  understood,  or  appreciated  :  they  constitute,  however,  one  of 
the  most  interesting  and  important  subjects  in  physics,  and  would 
amply  repay  whoever  would  take  the  trouble  to  investigate  them. 
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Page  213.— TABLE  OF  TEMPERATURES,  (from 


Isothermal 

Zones. 

Position. 

Mean 

Names  of  Places. 

Latitude 

Height 

Temperature 

Longitude. 

of  the  Year. 

.N  orth. 

in  Peet- 

O  * 

rH 

Nain  .... 

57° 

8' 

61°  20'  w 

0  I 

26-42° 

o 

*Enontekies  . 

68 

30 

20  47  e 

1356  : 

26-96 

O 

CO 

Hospice  de  St.  1 
Gothard  .  / 

46 

30 

8  23  e 

6390 

30-38 

O 

North  Cape  . 

71 

0 

25  50  e 

0 

32-00 

XJ1 

d> 

*Uleo  .... 

65 

3 

25  26  e 

0 

35-08 

c 

o 

*Umeo  .... 

63 

50 

20  16  e 

0 

33-26 

N 

*St.  Petersburg  . 

59 

56 

30  19  e 

0 

38-84 

B 

Drontheim 

63 

24 

10  22  e 

0 

39-92 

<x> 

rC 

Moscow  . 

55 

45 

37  32  e 

970 

40-10 

O 

oo 

1— 1 

Abo  .... 

60 

27 

22  18  e 

0 

40-28 

*Upsal  .... 

59 

51 

17  38  e 

0 

42-08 

*  Stockholm 

59 

20 

18  3  e 

0 

42-26 

Quebec 

46 

47 

71  10  w 

0 

41-74 

Christiana 

59 

55 

10  48  e 

0 

42-80 

o  * 
o 

*  Convent  of  Peys-  "I 
senburg  .  J 

47 

47 

10  34  e 

3066 

42-98 

-4-J 

o 

*  Copenhagen  . 

55 

41 

12  35  e 

0 

45-68 

r— H 

*  Kendal 

54 

17 

2  46  w 

0 

46-22 

B 

Malouine  Islands 

51 

25 

59  59  w 

0 

46-94 

O 

& 

*  Prague 

50 

5 

14  24  e 

0 

49-46 

CO 

O 

C 

Gottingen 

51 

32 

9  53  e 

456 

46-94 

o 

N 

*  Zurich 

47 

22 

8  32  e 

1350 

47-84 

"cS 

*  Edinburgh 

55 

57 

3  10  w 

0 

47-84 

B 

Warsaw  . 

52 

14 

21  2  e 

0 

48-56 

*Coire  .... 

46 

50 

9  30  e 

1876 

48-92 

o 

m 

k-H 

Dublin 

53 

21 

6  19  w 

0 

49-10 

Berne  .... 

46 

5 

7  26  e 

1650 

49-28 

*  Geneva 

46 

12 

6  8  e 

1080 

49-28 

*Manheim 

49 

29 

8  28  e 

432 

50-18 

Vienna 

48 

12 

16  22  e 

420 

50-54 

l 

(*)  At  the  Places  thus  distinguished,  the  Temperatures 
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I. 

THE  ENCYCLOPAEDIA  METROPOLITAN  A. - ARTICLE  METEOROLOGY.) 


Distribution  of  Heat  in  the  different  Seasons. 

Maximum  and  Minimum. 

Mean  Temp. 

Mean  Temp. 

Mean  Temp. 

Mean  Temp. 

Mean  Temp, 
of  Warmest 

Mean  Temp, 
of  Coldest 

of  Winter. 

of  Spring. 

of  Summer. 

of  Autumn. 

Month. 

Month. 

-  0-60° 

23-90° 

48-38° 

33-44° 

51-80° 

-11-28° 

+  0*68 

24-98 

54-86 

27*42 

59-54 

-0-58 

18-32 

26-42 

44-96 

31-82 

46-22 

+  15-08 

23-72 

29-66 

43-34 

32-08 

46-58 

22-10 

11-84 

27-14 

57*74 

35’96 

61-52 

7-70 

12-92 

33-80 

54-86 

33-44 

62-60 

11-48 

17-06 

38-12 

•  62-06 

38-66 

65-66 

8-60 

23-72 

35-24 

61-24 

40-10 

64-94 

19-58 

10-78 

20-84 

44-06 

38-30 

67-10 

61-88 

38-30 

40-64 

70-52 

6-08 

24-98 

39-38 

60-26 

42-80 

62-42 

22-46 

25-52 

38-30 

61-88 

43-16 

64-04 

22-82 

14-18 

38-84 

68-00 

46  04 

73-40 

13  81 

28-78 

39-02 

62-60 

41-18 

56-74 

28-41 

22-58 

42-08 

58-46 

42-98 

59-36 

30-20 

30-74 

41-18 

62.60 

48-38 

65*66 

27-14 

30-86 

45-14 

56-84 

46-22 

58-10 

34-88 

39-56 

31-46 

46*58 

47-66 

53-06 

68-90 

48-46 

50-18 

55-76 

37-40 

30-38 

44-24 

64-76 

48-74 

66-38 

29*66 

29*66 

48-20 

64-04 

48-92 

65-66 

26-78 

38-66 

46-40 

58-28 

48-56 

59-36 

38-30 

28'76 

47-48 

69-08 

49-46 

70-34 

27-14 

32-36 

50-00 

63-32 

50-36 

64-58 

29-48 

39-20 

47*30 

59-54 

50-00 

61-16 

35-42 

32-00 

48-92 

66*56 

49-82 

67-28 

30-56 

34-70 

47-66 

64-94 

50-00 

66-56 

34-16 

38-80 

49-64 

67-10 

49-82 

68-72 

33-44 

32-72 

51-26 

69-26 

50-54 

70-52 

26-60 

given  are  the  result  of  at  least  8000  observations. 

O 
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TABLE  OF 


Position. 

Mean  Tempe- 

Isothermal 

Names  of  Places. 

rature  of  the 

Zones. 

Latitude. 

Longitude. 

Height 
in  Feet. 

Year. 

*  Clermont 

•  • 

45° 

46' 

3° 

5'  E 

1260  1 

50*00° 

*Buda  . 

•  • 

47 

29 

19 

1  E 

494 

51*08 

Cambridge  (U.  S.) 

42 

25 

71 

3  w 

0 

50  36 

O 

o> 

*  Paris  . 

48 

50 

2 

20  e 

222 

51*08 

o 

*  London 

51 

30 

0 

5  w 

0 

50*36 

o 

o 

Dunkirk  . 

51 

2 

2 

22  e 

0 

50*54 

C 

Amsterdam 

52 

22 

4 

50  e 

0 

51*62 

c 

o 

Brussels  . 

50 

50 

4 

22  e 

0 

51*80 

GO 

*Franeker  . 

52 

36 

6 

22  e 

0 

51*80 

s=s 

o 

Philadelphia 

39 

56 

75 

1 6  \v 

0 

53*42 

S3 

New  York 

40 

40 

73 

58  \v 

0 

5378 

c3 

s 

*  Cincinnati 

39 

6 

82 

40  w 

510 

53*78 

o 

St.  Malo  . 

48 

39 

2 

1  w 

0 

54*14 

'4-> 

o 

Nantes 

47 

13 

1 

32  w 

0 

54*68 

HH 

Pekin  .  . 

39 

54 

116 

27  e 

0 

54*86 

*  Milan 

45 

28 

9 

11  E 

390 

55*76 

Bordeaux 

44 

50 

0 

34  w 

0 

56*48 

C  o* 

Marseilles 

43 

17 

5 

22  e 

0 

59*00 

o 

N  ^ 

Montpellier 

43 

36 

3 

52  e 

0 

59*36 

o 

r— I 

*Rome 

41 

53 

12 

27  e 

0 

60*44 

s  o 

Toulon 

43 

7 

5 

50  e 

0 

62*06 

J  s 

Nangasacki 

32 

45 

129 

55  e 

0 

60*80 

°  ,£ 
xn  «+h 

1— I 

*  Natchez  . 

31 

28 

90 

30  w 

180 

64*76 

cS  So* 
g  Sn 

*  Funchal  . 

•  • 

32 

37 

16 

56  w 

0 

68*54 

_  rH  ®  5 

•4^  ZJ  o 

o  £  no 

Algiers 

•  • 

36 

48 

3 

1  E 

0 

69*98 

03  O 

HN® 

*  Cairo  . 

•  • 

30 

2 

31 

18  E 

0 

72*32 

c  ° 

S  rJ= 

*Vera  Cruz 

•  • 

19 

11 

96 

1  w 

0 

77*72 

sis 

l*Havannah 

•  • 

23 

10 

82 

13  w 

0 

78*08 

O  § 

03  O 

*Cumana  . 

•  • 

10 

27 

65 

15  w 

0 

81*86 

i— i 

[ 

(*)  At  the  Places  thus  distinguished,  the  Temperatures 


CONTINUED.] 
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TEMPERATURES. 


Distribution  of  Heat  in  Different  Seasons. 

Maximum  and  Minimum. 

Mean  Temp, 
of  Winter. 

Mean  Temp, 
of  Spring. 

Mean  Temp, 
of  Summer. 

Mean  Temp, 
of  Autumn. 

Mean  Temp, 
of  Warmest 
Month. 

Mean  Temp, 
of  Coldest 
Month. 

34-52° 

50-54° 

64*40° 

51-26° 

66-20° 

28-04° 

33-98 

51-08 

70-52 

52-34 

71-60 

27-78 

33-98 

47-66 

'  70-70 

49-82 

72-86 

29-84 

38-66 

49-28 

64-58 

51-44 

65-30 

36-14 

39-56 

48-56 

63-14 

50-18 

64-40 

37-76 

38-48 

48-56 

64-04 

50-90 

64-76 

37-75 

36-86 

51-62 

65-84 

51-62 

66-92 

35-42 

36-68 

53-24 

66-20 

51-08 

67-28 

35-60 

36-68 

51-08 

'  67-28 

54-32 

69-08 

32-90 

32-18 

51-44 

73-94 

56-48 

77  00 

32-72 

29-84 

51-26 

79-16 

54-50 

80-78 

25-34 

32-90 

54*14 

72-86 

54-86 

74-30 

30-20 

42-26 

52-16 

66-02 

55*76 

66*92 

41-74 

40-46 

54-50 

68*54 

55*58 

70-52 

39*02 

26-42 

56-30 

82-58 

54-32 

84-38 

24-62 

36-32 

56-12 

73-04 

56-84 

74-66 

36-14 

42  08 

56-48 

70-88 

56-30 

73-04 

41-00 

45-50 

57-56 

72-50 

60-08 

74-66 

44-42 

44-06 

56-66 

75-74 

60-98 

78-08 

42-08 

45-86 

57-74 

75-20 

62-78 

77-00 

42-26 

48-38 

60  80 

75-02 

64-40 

77-00 

46-40 

39-38 

57*56 

82-94 

64-22 

86-90 

37*40 

48*56 

65-48 

79-16 

66-02 

79-70 

46-94 

64-40 

65-84 

72-50 

72-32 

75-56 

64-04 

61-52 

65-66 

80-24 

72*50 

82-76 

60-08 

58-46 

73-58 

85-10 

71-42 

85-22 

56-12 

71-96 

77‘90 

81-50 

78-62 

81-86 

71*06 

71-24 

78-98 

83-30 

78-98 

83-84 

69-98 

80-24 

83-66 

82-04 

80-24 

84-38 

79-16 

given  are  the  result  of  at  least  8000  observations. 


510 


Page  209. — Explanation  of  the  Map. 

ti 

The  accompanying  Map,  on  which  are  traced  the  different  isothermal 
lines,  is  taken  from  the  article  Meteorology  in  the  Encyclopaedia  Metro* 
politaha.  The  general  character  of  these  isothermal  lines,  which  are 
founded,  for  the  most  part,  on  the  data  in  the  preceding  tables,  is,  that 
in  Europe  they  are  convex,  and  in  Asia  and  America  concave,  towards 
the  Pole  ;  and  that  they  gradually  become  less  and  less  convex  and  con¬ 
cave,  as  they  approach  the  Equator. 


Page  250. — On  opening  the  fold  of  the  Map,  we  see,  on  the  left 
hand  side,  a  section  of  a  mountain  at  the  Equator,  extending  to  the 
limits  of  perpetual  snow  in  that  region.  The  right  hand  side  is  sup¬ 
posed  to  represent  the  Earth’s  surface  from  the  Equator  to  beyond  the 
Arctic  circle.  At  the  parallel  of  latitude  of  Ben  Nevis,  a  single  moun¬ 
tain  is  sketched  ;  with  the  view  of  indicating,  that  though  the  top  of  Ben 
Nevis  rises  considerably  above  the  limit  of  perpetual  snow,  according  to 
theoretical  laws  deduced  from  the  height  of  perpetual  snow  at  the  Equa¬ 
tor  ;  yet  that  in  reality,  the  top  of  Ben  Nevis,  the  highest  single  moun¬ 
tain  in  Great  Britain,  is  under  the  limit  of  perpetual  snow. 


The  reader  interested  in  Meteorological  pursuits  is  referred  to  “A 
complete  course  of  Meteorology ,”  by  Professor  L.  F.  Kaemtz  ;  recently 
translated  into  English,  and  published  by  II.  Bailliere. 
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This  Sketch  is  designed  to  give  at, general  notion,  of  the 
approximate  covers  es  of  the  different  Isothermal  lines  or  Zones  alluded-  to  in 
Book  H  Chap.  Iff  and  to  comfucre.  with,  them  the  temp crouticres  of  the  atmosphere 
at  different  heights  above  the  level.  of  the  Sea  cot  the  Equator. 
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beings  o&eugn/ing  the  different  climates . 
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Page  250,  line  6  from  bottom. — By  mistake  “  southern”  is  printed 
for  ”  northern.”  This  great  difference  between  the  limits  of  perpetual 
snow  on  the  northern  and  on  the  southern  sides  of  the  Himmala  range, 
is  due  to  the  changes  of  the  monsoons.  The  monsoons  from  the  exten¬ 
sive  plains  on  the  north  of  the  range,  are  much  warmer  than  the  mon¬ 
soons  from  the  south,  which  partake  of  the  character  of  sea  breezes. 

Page  2 77. — Of  the  effects  of  foreign  bodies  in  the  atmosphere. — 
Many  years  ago,  particular  circumstances  led  us  to  form  the  opinion, 
that  a  combination  of  water  and  oxygen  is  a  frequent,  if  not  a  constant, 
ingredient  in  the' atmosphere.  This  ingredient,  which  we  suppose  to  be 
a  vapour,  and  analogous  to  (we  do  not  say  identical  with)  the  deutoxide 
of  hydrogen,  may  be  imagined  to  act  as  a  foreign  body,  and  thus  to  be 
the  cause  of  numerous  atmospheric  phenomena,  which  at  present  are 
very  little  understood.  Among  such  phenomena  are  those  of  evapora¬ 
tion  considered  in  the  text. 

When  treating  of  the  composition  of  atmospheric  air,  we  observed  that 
the  best  analyses  almost  invariably  indicated  a  slight  excess  of  oxygen 
above  the  amount  of  20  per  cent.,  which  there  ought  to  be  in  the  at¬ 
mosphere,  if  its  composition  were,  as  there  can  be  little  doubt  that  it  is, 
determined  by  the  laws  of  chemical  proportion.  Now  this  excess  of 
oxygen  in  the  atmosphere,  we  have  every  reason  to  think,  becomes 
periodically  associated  in  some  way  with  the  vapour  which  is  also  in  the 
atmosphere  ;  and  thus  not  only  modifies  the  properties  of  the  vapour, 
but  at  the  same  time  materially  influences  the  rate  of  evaporation  from 
the  earth’s  surface.  This  excess  of  oxygen  may  operate  in  the  following 
manner.  The  vapour  in  union  with  oxygen  (deutoxide  of  hydrogen  ?) 
ceases,  of  course,  to  act  as  vapour  ;  hence  in  air  saturated  with  vapour, 
and  as  moist  as  possible,  if  a  portion  of  the  vapour  were  suddenly  to 
combine  with  oxygen,  the  air  would  as  suddenly  appear  to  become  dry, 
though  in  reality  it  contained  the  same  quantity  of  water  in  solution  as 
before.  Moreover  the  rate  of  evaporation  wTould  be  increased  by  such  a 
combination  of  vapour  and  oxygen  ;  for  its  effects,  whatever  these  might 
be,  would  be  superadded  to  the  ordinary  effects  of  atmospheric  air  in 
producing  evaporation,  and  would  thus  more  or  less  increase  the  quan¬ 
tity  of  water  converted  into  vapour. 

Oxygen  in  this  state  of  combination  with  vapour  seems  to  be  parti¬ 
cularly  grateful,  if  not  necessary  to  animal  life.  The  air  in  which  oxy¬ 
gen  abounds  so  combined  is  dry,  bracing  and,  exhilarating;  while 
its  sudden  abstraction,  and  the  predominance  of  moisture,  induces 
the  opposite  feeling  of  dullness  and  listlessness.  It  is  probable  that 
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some  soils  and  situations  are  more  favourable  than  others  to  the  com¬ 
bination  of  oxygen  with  vapour ;  and  that  places  are  more  or  less 
healthy  according  as  this  combination  of  oxygen  is  present  or  absent. 

The  oxygen  and  vapour  in  this  combination  are  so  feebly  associated, 
that  they  appear  to  be  separated  by  the  slightest  cause.  Hence  the 
results  of  every  common  analysis  and  examination  of  air,  are  the  same 
nearly  as  if  such  a  state  of  combination  did  not  exist.  We  may  men¬ 
tion,  however,  as  corroborative  of  our  opinion,  the  bleaching  qualities  of 
dew,  and  of  the  air  itself ;  as  also  the  large  proportion  of  oxygen 
sometimes  contained  in  snow  water  and  in  rain  water ;  attention  being 
at  the  same  directed  to  the  well-known  bleaching  qualities  of  the  deut- 
oxide  of  hydrogen. 

Much  more  might  he  said  on  this  curious  subject,  especially  regard¬ 
ing  its  relation  to  the  electricity  of  the  atmosphere.  But  we  desist  for 
the  present ;  as  the  difficulties  attending  an  investigation  of  the  atmo¬ 
sphere,  and  more  than  all,  the  total  want  of  opportunity,  have  rendered 
us  unable  satisfactorily  to  verify  the  opinion  we  have  advanced  ;  which 
opinion  therefore,  is  to  be  understood  as  conjectural  only  ;  and  as  stated 
with  the  view  of  drawing  the  attention  of  those  more  fortunately 
situated,  to  so  important  an  inquiry. 


Page  328. — The  table  follows,  illustrating  the  distribution  of  plants 
over  the  globe,  to  which  we  have  referred  in  the  text.  It  has  been  copied 
immediately  from  Lindley’s  Introduction  to  Botany. 
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BOOK  III. 

CHEMISTRY  OF  ORGANIZATION. 


Page  381. — Table  III. — The  numbers  given  in  this  table  are  not  to 
be  understood  as  representing  the  exact  composition  of  the  different 
substances.  The  numbers  therein  specified  are  given  principally 
to  illustrate  homogeneous  forces  as  we  suppose  them  to  influence 
the  composition  of  bodies.  Similar  notice  was  drawn  to  tbe^influence 
of  homogeneous  forces  when  treating  of  the  composition  of  oxalic  acid, 
page  136. 

Page  456. — It  may  be  proper  to  state  that  recent  observers  have 
not  been  able  to  detect  distinct  apertures  opening  from  the  lacteals  into 
the  intestines. 

Page  470. — The  albuminous  or  some  nearly  allied  principle  here  alluded 
to,  is  that  which  we  suppose  to  be  convertedinto  gelatine  duringtherespira- 
tory  processes  ;  or  in  certain  forms  of  disease  into  sugar,  the  azote  never 
having  been  associated  ;  or  having  been  associated,  afterwards  separated. 
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“  No  one  is  more  distinguished  for  the  elegance  and  recherche  style  of  his  publica 
tions  than  Mr.  Churchill.” — Provincial  Medical  Journal. 


“  Mr.  Churchill’s  publications  are  very  handsomely  got  up :  the  engravings  are 
remarkably  well  executed.” — Dublin  Medical  Press. 
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Mr.  Churchill  is  the  Publisher  of  the  following  Periodicals,  offering  to  Authors  a 
wide  extent  of  Literary  Announcement,  and  a  Medium  of  Advertisement,  addressed  to 
all  Classes  of  the  Profession.  Communications,  Books  for  Review,  addressed  to  the 
respective  Editors,  are  received  and  duly  forwarded  by  Mr.  Churchill. 


THE  BRITISH  AND  FOREIGN  MEDIC0-GHIRURSI6AL  REVIEW; 

OR, 

QUARTERLV  JOURNAL  OF  PRACTICAL  MEDICINE, 

Price  Six  Shillings.  Nos.  1  &  2. 
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THE  HALF-YEARLY  ABSTRACT  OF  THE 
MEDICAL  SCIENCES. 

Being  a  Practical  and  Analytical  Digest  of  the  Contents  of  the  principal  British  and 
Continental  Medical  Works  published  in  the  preceding  half-year;  together  with  a  Critical 
Report  of  the  Progress  of  Medicine  and  the  Collateral  Sciences  during  the  same  period. 
Edited  by  W.  H.  Ranking,  M.D.,  Cantab.  Post  8vo.  cloth,  6*-.  6d.  Vols.  1  to  6. 


THE  JOURNAL  OF  PSYCHOLOGICAL  MEDICINE 
AND  MENTAL  PATHOLOGY. 

Being  a  Quarterly  Review  of  Medical  Jurisprudence  and  Insanity,  addressed  especially 
to  Parties  associated  with  Public  and  Private  Asylums,  Hospitals,  Justices  of  the  Peace, 
Coroners,  and  all  interested  in  the  amelioration  of  the  condition  of  the  Insane.  Edited  by 
Forbes  Winslow,  M.D.  Price  3s.  6d.  Nos.  1  &  2. 

WWV\WWW«AV\WVWV 


THE  PHARMACEUTICAL  JOURNAL. 

EDITED  BY  JACOB  BELL,  F.L.S.,  M.R.I. 

Published  Monthly,  price  One  Shilling. 

Under  the  sanction  of  the  Pharmaceutical  Society,  whose  Transactions  form  a 

distinct  portion  of  each  Number. 

***  Vols.  1  to  6,  bound  in  cloth,  price  I2s.  6d.  each. 
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THE  MONTHLY  JOURNAL  OF  MEDICAL  SCIENCE. 

Price  Two  Shillings. 
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THE  PROVINCIAL  MEDICAL  Si  SURGICAL  JOURNAL. 

Published  Fortnightly,  Stamped,  price  Ninepence. 

This  Journal  is  regularly  transmitted  by  Post  to  the  Members  of  the  “  Provincial  Medical 
Association,”  numbering  1900  of  the  most  influential  Practitioners  of  the  United  Kingdom. 


THE  DUBLIN  MEDICAL  PRESS. 

Published  every  W ednesday,  Stamped,  price  Sixpence,  free  to  any  part  of  the  Empire. 


THE  LONDON  AND  PROVINCIAL  MEDICAL  DIRECTORY. 

Published  Annually.  12mo.  cloth,  8s.  6d. 
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EDITED  BY  DR.  GREENHILL. 


ADDRESS  TO  A  MEDICAL  STUDENT  :  Choosing  a  Profession,  The  Hospi¬ 
tal,  The  Dissecting  Room,  The  Lecture  Room,  Daily  Life,  The  Examination,  &c.  &c. 
18mo.  cloth,  3s.  6d. 

II. 

PRAYERS  EOR  THE  USE  OF  THE  MEDICAL  PROFESSION.  Cloth,  2s.  6d. 

hi. 

LIFE  OE  REV.  SIR  JAMES  STONHOUSE,  BART.,  M.D.,  with  Extracts  from 

his  Tracts  and  Correspondence.  Cloth,  4s.  6d. 

IV. 

ANECDOTA  SYDENHAMIANA  :  Medical  Notes  and  Observations  of  THOMAS 

SYDENHAM,  M.D.  Hitherto  unpublished.  18mo.  2s. 
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LITE  OE  THOMAS  HARRISON  BURDER,  M.D.,  with  Extracts  from  his 

Correspondence.  18mo.  cloth,  4s. 

VI. 

LETTERS  FROM  A  SENIOR  TO  A  JUNIOR  PHYSICIAN,  ON  THE  IMPORT¬ 
ANCE  OF  PROMOTING  THE  RELIGIOUS  WELFARE  OF  HIS  PATIENTS. 
18mo.  sewed,  Qd. 

VII. 

LIFE  OE  GEORGE  CHEYNE,  M.D.,  with  Extracts  from  his  Works  and  Cor¬ 

respondence.  18mo.  sewed,  2s.  Qd. 

VIII. 

HUFELAND  ON  THE  RELATIONS  OE  THE  PHYSICIAN  TO  THE  SICK, 

TO  THE  PUBLIC,  AND  TO  HIS  COLLEAGUES.  18mo.  sewed,  9d. 

ON  THE  DUTIES  OF  PHYSICIANS,  RESULTING  FROM  THEIR  PROFESSION. 

By  the  late  Rev.  THOMAS  GISBORNE,  M.A.  18mo.  sewed,  Is. 
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MR.  ADDISON,  F.L.S. 

PHYSIOLOGICAL  RESEARCHES  AND  DISCOVERIES. 

First  Series. 

On  Inflammation,  and  on  the  Origin  and  Nature  of  Tubercles  in  the  Lungs. 
With  Plates.  8vo.  5s. 

Second  Series. 

Part  I. — Secretion,  the  Process  of  N utrition,  and  the  Function  of  Structure. 
With  Plates.  8vo.  4s.  6d. 

Part  II. — Active  Molecules  in  the  Interior  of  Cells,  the  Nature  of  the  Fluid 
Element  of  Blood,  and  a  Demonstration  of  the  Process  of  Inflammation. 
With  Plates.  8vo.  7s. 

***  The  two  parts,  bound  in  cloth,  1 2s. 

“We  are  indebted  to  Mr.  Addison  for  the  discovery  of  an  immense  number  of  ‘colourless  globules’ 
observable  in  the  clear  colourless  fluid  at  the  top  of  coagulating  blood.  In  some  blood  taken  in  pleuritis 
w  I  found  the  number  of  such  ‘  globules  ’  prodigious.”— Dr.  Martin  Barry ,  Paper  in  the  Philosophical 
()  Transactions. 

’’  “  The  recent  microscopic  observations  of  Mr.  Addison  have  established  the  important  fact  that  a  great 

%  accumulation  of  colourless  corpuscles  takes  place  in  the  vessels  of  inflamed  parts.  Mr.  Addison  has 
Y?  noticed  it  in  the  human  subject  in  blood  drawn  from  an  inflamed  pimple,  the  base  of  a  boil,  the  skin 
in  scarlatina,  &c.” — Dr.  Carpenter,  Principles  of  Human  Physiology. 


mr.  Churchill’s  publications. 


6 


-©*- 


MR.  RUTHERFORD  ALCOCK,  K.  T.  S. 

DEPUTY  INSPECTOR-GENERAL  OF  HOSPITALS,  ETC. 

NOTES  ON  THE  MEDICAL  HISTORY  AND  STATISTICS  OF 

THE  BRITISH  LEGION  OF  SPAIN;  comprising  the  Results  of  Gunshot  Wounds, 
in  Relation  to  important  Questions  in  Surgery.  8vo.  5s. 
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DR.  ALLNATT. 


TIC  -  DOULOUREUX ;  OK,  NEURALGIA  FACIALIS,  AND 

OTHER  NERVOUS  AFFECTIONS  ;  THEIR  SEAT,  NATURE,  AND  CAUSE. 
With  Cases  illustrating  successful  Methods  of  Treatment.  Second  Edition.  8vo.  cloth,  5s. 


\<\  VWXVN AVVVWWvWW\ 


DR.  ARNOLD, 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  PHYSICIANS,  EDINBURGH. 

A  PRACTICAL  TREATISE  ON  THE  BILIOUS  REMITTENT 

FEVER  ;  with  Remarks  on  the  Connection  of  Diseases  with  the  Changes  of  the  Atmos¬ 
phere  upon  Epidemics;  Medical  Topography,  &c.  8vo.  cloth,  10s. 
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DR.  JAMES  ARNOTT. 


I. 


4  ON  INDIGESTION;  its  Pathology  and  its  Treatment,  by  the  Local 

Application  of  Uniform  and  Continuous  Heat  and  Moisture.  With  an  Account  of  an 
improved  Mode  of  applying  Heat  and  Moisture  in  Irritative  and  Inflammatory  Diseases. 
With  a  Plate.  8vo.  5s. 

“  We  are  extremely  glad  that  Dr.  Jas.  Arnott,  to  whom  we  are  indebted  for  the  suggestion  of  many 
improved  modes  of  practice  in  which  physical  agents  are  available,  has  turned  his  attention  to  this  sub¬ 
ject,  and  has  devised  a  simple  apparatus  by  which  the  dose  of  temperature  may  be  exactly  regulated,  and 
its  efficient  application  readily  secured.  .  .  .We  earnestly  hope  that  Dr.  Arnott’s  valuable  suggestion  may 
be  generally  acted  on,  and  that  the  profession  at  large  will  give  a  fair  trial  to  heat  and  cold  as  therapeutic 
agents.” — British  and  Foreign  Medic o-Chirurgical  Review. 

II. 

PRACTICAL  ILLUSTRATIONS  OF  THE  TREATMENT  OF 

OBSTRUCTIONS  IN  THE  URETHRA,  AND  OTHER  CANALS,  BY  THE 
DILATATION  OF  FLUID  PRESSURE.  8vo.  hoards,  3s. 
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MR.  ATKINSON, 

LATE  SENIOR  SURGEON  TO  THE  YORK  COUNTY  HOSPITAL,  AND  VICE-PRESIDENT  OF 
THE  YORKSHIRE  PHILOSOPHICAL  SOCIETY. 

MEDICAL  BIBLIOGRAPHY. 

Vol.  I.  Royal  8vo.  16s. 

“  We  have  never  encountered  so  singular  and  remarkable  a  book.  It  unites  the  German  research  of 
a  Plouquet  with  the  ravings  of  Rabelais, — the  humour  of  Sterne  with  the  satire  of  Democritus, — the 
learning  of  Burton  with  the  wit  of  Pindar.” — Dr.  Johnson's  Review. 
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DR.  GOLDiNG  BIRD,  F.R.S. 


URINARY  DEPOSITS ;  THEIR  DIAGNOSIS,  PATHOLOGY, 

AND  THERAPEUTICAL  INDICATIONS.  With  Engravings  on  Wood.  Second 
Edition.  Post  8vo.  cloth,  8s.  6d. 

“  A  volume  calculated  to  he  of  great  utility  to  the  numerous  class  of  practitioners  who  are  at  this  time 
engaged  in  the  study  of  urinary  diseases.  It  contains  every  necessary  instruction  to  distinguish  the 
different  varieties  of  urinary  deposits,  both  hy  means  of  the  microscope  and  chemical  tests.  The  treat¬ 
ment  is  very  skilfully  displayed,  and  the  chapter  on  therapeutics  contains  views  regarding  the  action  of 
diuretics  of  great  practical  importance.”— Dublin  Medical  Journal. 

II. 

ELEMENTS  OF  NATURAL  PHILOSOPHY ;  being  an  Experimental 

Introduction  to  the  Study  of  the  Physical  Sciences.  Illustrated  with  numerous  Engrav¬ 
ings  on  Wood.  Third  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 

“  We  rejoice  to  see,  in  the  continued  demand  for  this  excellent  Manual,  an  evidence  of  the  increasing 
attention  which  is  being  paid  to  the  study  of  physical  science  as  a  branch  of  general  education.  We 
know  of  no  treatise  which  contains  within  so  narrow  a  compass  so  large  an  amount  of  valuable  informa¬ 
tion  so  clearly  and  concisely  expressed ;  and  we  cannot,  therefore,  too  strongly  recommend  it  to  our 
readers  as  a  work  to  be  placed  in  the  hands  of  every  medical  student  at  the  commencement  of  his 
curriculum.” — British  and  Foreign  Medico-Chirurgicul  Review. 

“By  the  appearance  of  Dr.  Bird’s  work,  the  student  has  now  all  that  he  can  desire  in  one  neat, 
concise,  and  well- digested  volume.  The  elements  of  natural  philosophy  are  explained  in  very  simple 
•language,  and  illustrated  by  numerous  wood-cuts.” — Medical  Gazette. 

“  This  work  teaches  us  the  elements  of  the  entire  circle  of  natural  philosophy  in  the  clearest  and  most 
perspicuous  manner.  Light,  magnetism,  dynamics,  meteorology,  electricity,  See.  are  set  before  us  in 
such  simple  forms,  and  so  forcible  a  way,  that  we  cannot  help  understanding  their  laws,  their  operation, 
and  the  remarkable  phenomena  by  which  they  are  accompanied  or  signified.” — Literary  Gazette. 
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MR.  BEASLEY. 


THE  POCKET  FORMULARY  AND  SYNOPSIS  OF  THE 

BRITISH  AND  FOREIGN  PHARMACOPOEIAS ;  comprising  standard  and 
approved  Formulae  for  the  Preparations  and  Compounds  employed  in  Medical  Practice. 
Fourth  Edition,  corrected  and  enlarged.  18mo.  cloth,  6s. 
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DR.  O’B.  BELLINGHAM. 

ON  ANEURISM,  AND  ITS  TREATMENT  BY  COMPRESSION. 

12mo.  4s. 

“In  our  opinion,  he  has  conferred  a  signal  benefit  upon  the  art  of  surgery  by  his  improvement  of  the 
mode  of  employing  pressure,  and  upon  the  science  by  his  ingenious  and  philosophical  exposition  of  its 
op  eration .  ’  ’ — M  edico-  Chirurgi  cal  Re  view . 

“  Dr.  Bellingham  has  ably  advocated  the  cause  of  compression  as  a  highly  useful  and  successful  mode 
of  treating  numerous  cases  of  external  aneurism.” — Lancet. 
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DR.  BRADY, 

FELLOW  AND  PROFESSOR  OF  MEDICAL  JURISPRUDENCE  IN  THE  KING  AND  UUEEN’s 

COLLEGE  OF  PHYSICIANS,  IN  IRELAND. 

FOURNET  ON  AUSCULTATION,  AND  ON  THE  DIAGNOSIS, 

CURABILITY,  AND  TREATMENT  OF  THE  FIRST  STAGE  OF  CON- 
SUMPTION.  Translated  from  the  French.  Parti.  8vo.  Is. 
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PRACTICAL  OBSERVATIONS  ON  CERTAIN  DISEASES  OF 

THE  CHEST;  and  on  the  Principles  of  Auscultation.  8vo.  cloth,  12s. 

“  From  the  tenor  of  our  notice  of  this  work,  our  favourable  opinion  of  it  may  be  gathered  ;  and  we 
cannot  but  recommend  our  readers  to  add  it  to  their  libraries.” — Lancet. 

“  The  importance  of  the  subjects  treated  of  must  plead  our  excuse  for  so  lengthened  an  analysis  of 
the  work.  We  have  derived  much  pleasure  and  instruction  from  its  perusal,  and  we  warmly  recommend 
it  to  the  notice  of  the  profession.” — Dublin  Medical  Journal. 
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DR.  BUDD,  F.R.S. 

PROFESSOR. OF  MEDICINE  IN  KING’S  COLLEGE,  LONDON. 

ON  DISEASES  OF  THE  LITER. 


Illustrated  with  Coloured  Plates  and  Engravings  on  Wood.  8vo.  cloth,  14s. 
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“We  cannot  too  strongly  recommend  the  diligent  study  of  this  volume.  The  work  cannot  fail  to 
rank  the  name  of  its  author  among  the  most  enlightened  pathologists  and  soundest  practitioners  of  the 
day. ”  — Medico- Chirurgical  Review. 

“We  have  thus  brought  to  a  conclusion  our  notice  of  Dr.  Budd’s  able  and  practical  volume.  We 
have  no  hesitation  in  pronouncing  it  an  opportune  and  useful  publication ;  and  we  do  not  doubt  that 
the  tolerably  full  digest  which  we  have  given,  and  the  quotations  we  have  made,  will  induce  our  readers 
to  seek  in  the  work  itself  that  large  amount  of  pathological  facts  and  inductions  which  we  confidently 
promise  them.” — British  and  Foreign  Medical  Review. 
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DR.  HENRY  BENNET, 

OBSTETRIC  PHYSICIAN  TO  THE  WESTERN  DISPENSARY. 
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A  PRACTICAL  TREATISE  ON  INFLAMMATION,  ULCERA- 

TION,  AND  INDURATION  OF  THE  NECK  OF  THE  UTERUS.  With 
Remarks  on  Leucorrhoea  and  Prolapsus  Uteri  as  Symptoms  of  this  Form  of  Disease. 
8vo.  cloth,  6s. 


“  Few  works  issue  from  the  medical  press  which  are  at  once  original  and  sound  in  doctrine ;  but  such, 
we  feel  assured,  is  the  admirable  treatise  now  before  us.  The  important  practical  precepts  which  the 
author  inculcates  are  all  rigidly  deduced  from  facts  .  .  .  Every  page  of  the  book  is  good,  and  eminently 
practical  ...  So  far  as  we  know  and  believe,  it  is  the  best  work  on  the  subject  of  which  it  treats.” — 
Monthly  Journal  of  Medical  Science. 

“The  opportunities  which  our  author  possessed  of  investigating  uterine  disease  in  Paris  were  con¬ 
siderable.  With  the  results  he  makes  us  acquainted  in  his  book ;  of  which  we  feel  it  but  fair  to  speak 
in  terms  of  considerable  praise,  as  the  produce  of  much  industry  and  accuracy  of  observation.  ...  We 
cannot  part  with  our  author  without  again  expressing  our  high  opinion  of  his  work,  and  recommending 
our  brethren  to  possess  themselves  of  it.” — British  and  Foreign  Medical  Review. 


MR.  ISAAC  B.  BROWN. 


ON  SCARLATINA;  AND  ITS  SUCCESSFUL  TREATMENT. 

Post  8vo.  cloth,  4s. 
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DR.  B  I  N  N  S, 

41  FELLOW  OF  THE  SOCIETY  OF  ANTIQUARIANS  OF  SCOTLAND,  ETC. 

THE  ANATOM  OF  SLEEP ;  OR,  THE  ART  OF  PROCURING 

SOUND  AND  REFRESHING  SLUMBER  AT  WILL.  Post  8vo.  cloth,  10s.  G d. 
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MR.  BATEMAN, 

PHARMACEUTICAL  CHEMIST. 

MAGNACOPIA :  A  Practical  Library  of  Profitable  Knowledge,  commu¬ 
nicating  the  general  Minutiae  of  Chemical  and  Pharmaceutic  Routine,  together  with  the 
generality  of  Secret  Forms  of  Preparations;  including  Concentrated  Solutions  of  Camphor 
and  Copaiba  in  Water,  Mineral  Succedaneum,  Marmoratum,  Silicia,  Terro-Metallicum, 
Pharmaceutic  Condensions,  Prismatic  Crystallization,  Crystallized  Aromatic  Salt  of  Vine¬ 
gar,  Soda,  Seltzer  and  all  Spa  Waters;  for  Bottling  without  the  Use  of  Machinery; 
newly-invented  Writing  Fluids  ;  Etching  on  Steel  or  Iron  ;  with  an  extensive  Variety  of 
et  cetera.  Third  Edition.  18mo.  6s. 
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SIR  ANTHONY  CARLISLE, 

LATE  PRESIDENT  OF  THE  ROYAL  COLLEGE  OF  SURGEONS. 

PRACTICAL  OBSERVATIONS  ON  THE  PRESERVATION  OF 

HEALTH  AND  THE  PREVENTION  OF  DISEASES  ;  comprising  the  Author’s 
Experience  on  the  Disorders  of  Childhood  and  Old  Age.  8vo.  cloth,  8s. 


SIR  JAMES  CLARK,  M.D.,  BART. 

PHYSICIAN  TO  THE  Q.UEEN. 

THE  SANATIVE  INFLUENCE  OF  CLIMATE.  With  an  Account 

of  the  Principal  Places  resorted  to  by  Invalids  in  England,  South  of  Europe,  the  Colo¬ 
nies,  &c.  Fourth  Edition,  revised.  Post  8vo.  cloth,  10s.  6d. 

EXTRACT  FROM  PREFACE. 

“  In  the  successive  editions  of  this  work,  I  gave  such  additional  information  as  I  had  been 
able  to  collect  from  authentic  sources  in  the  intervals  of  publication.  The  present  edition 
will,  I  trust,  be  found  in  all  respects  a  material  improvement  on  its  predecessors.  Every 
article  in  the  work  has  been  carefully  revised ;  and  although  I  have  seen  no  reason  to  change 
my  opinions  on  the  characters  of  the  different  climates  treated  of,  the  information  I  have 
continued  to  receive  from  others,  added  to  my  own  increasing  experience,  has  enabled  me 
with  more  confidence  and  precision  to  lay  down  rules  respecting  the  adaptation  of  certain 
climates  to  the  cure  of  particular  diseases.  But  with  all  the  improvements  which  I  have 
been  able  to  effect  in  it,  the  work  is  still  to  be  regarded  only  as  an  essay  which  future  and 
much  more  extended  observations  will  be  required  to  perfect.  In  its  present  state,  it  will, 
I  hope,  be  found,  what  it  has  been  my  desire  to  make  it,  a  manual  to  the  physician  in 
selecting  a  proper  climate  for  his  patient,  and  a  guide  to  the  latter  when  no  longer  under  the 
direction  of  his  medical  adviser.” 


DR.  G.  C.  CHILD. 

ON  INDIGESTION,  AND  CERTAIN  BILIOUS  DISORDERS 

OFTEN  CONJOINED  WITH  IT.  To  which  are  added,  Short  Notes  on  Diet. 
8vo.  cloth,  5s.  6d. 

“  Dr.  Child  has  written  a  very  sensible  book.  Notwithstanding  the  triteness  of  the  subject,  we  have 
read  it  through  with  considerable  interest,  and  not  without  instruction.  The  author  thinks  clearly,  and 
expresses  himself  with  perspicuity  and  conciseness.  He  has  brought  to  bear  on  the  topics  of  which  he 
treats  no  small  amount  of  experience,  reading,  and  reflection.” — Monthly  Journul  of  Medical  Science. 


DR.  CONOLLY, 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  PHYSICIANS  OF  LONDON,  AND  PHYSICIAN  TO  THE 

MIDDLESEX  LUNATIC  ASYLUM  AT  HANWELL. 

THE  CONSTRUCTION  AND  GOVERNMENT  OF  LUNATIC 

ASYLUMS  AND  HOSPITALS  FOR  THE  INSANE.  With  Plans.  Post  8vo. 
cloth,  6s. 


mr.  churchill’s  publications. 


DR.  CARPENTER,  F.R.S. 
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I. 


PRINCIPLES  OF  HUMAN  PHYSIOLOGY,  with  their  chief  Appli¬ 
cations  to  PATHOLOGY,  HYGIENE,  and  FORENSIC  MEDICINE.  With 
numerous  Illustrations  on  Steel  and  Wood.  Third  Edition.  One  thick  volume,  8vo. 
cloth,  21s. 
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“  The  ‘  Principles  of  General  and  Comparative  Physiology  ’  of  Dr.  Carpenter,  which  have  just  entered 
upon  a  new  edition,  and  which  we  have  had  occasion  to  mention  with  commendation  in  our  last  volume, 
had  already  opened  the  path  to  the  extension  of  the  labours  of  that  author  into  the  more  important 
department  of  Human  Physiology.  The  able  manner  in  which  the  subject  of  Comparative  Physiology 
was  handled,  the  enlarged  and  elevated  views  entertained  by  the  author,  at  once  pointed  to  Dr.  Car¬ 
penter  as  the  writer  by  whom  the  obvious  want  in  the  field  of  Human  Physiology  was  to  be  supplied  .  .  . 
In  concluding  our  notice  of  this  volume,  we  do  so  by  recommending  it  most  strongly  to  our  readers,  and 
especially  to  our  young  friends  who  are  preparing  a  foundation  upon  which  to  build  their  reputation 
and  future  success  in  life.  The  volume  is  beautifully  got  up  ;  it  will  form  an  ornamental  addition  to 
the  study  and  library.” — Lancet. 

II. 


PRINCIPLES  OF  GENERAL  AND  COMPARATIVE  PHYSI- 

OLOGY  ;  intended  as  an  Introduction  to  the  Study  of  Human  Physiology,  and  as  a 
Guide  to  the  Philosophical  Pursuit  of  Natural  History.  Illustrated  with  numerous 
Figures  on  Copper  and  Wood.  Second  Edition.  8vo.  cloth,  18s. 

“  I  recommend  to  your  perusal  a  work  recently  published  by  Dr.  Carpenter.  It  has  this  advantage, 
it  is  very  much  up  to  the  present  state  of  knowledge  on  the  subject.  It  is  written  in  a  clear  style,  and 
is  weU  illustrated.” — Professor  Sharpens  Introductory  Lecture. 

“  In  Dr.  Carpenter’s  work  will  be  found  the  best  exposition  we  possess  of  all  that  is  furnished  by 
comparative  anatomy  to  our  knowledge  of  the  nervous  system,  as  well  as  to  the  more  general  principles 
of  life  and  organization.” — Dr.  Holland's  Medical  Notes  and  Reflections. 

“  See  Dr.  Carpenter’s  ‘  Principles  of  General  and  Comparative  Physiology,’ — a  work  wdiich  makes  me 
proud  to  think  he  was  once  my  pupil.” — Dr.  Elliotson’s  Physiology. 

III. 

A  MANUAL  OF  PHYSIOLOGY,  including  Physiological  Anatomy, 

for  the  use  of  the  Medical  Student.  With  numerous  Illustrations  on  Steel  and  Wood. 
Foolscap  8vo.  cloth,  12s.  6d. 


1) 

T 


“Without  question,  the  best  manual  or  short  treatise  on  Physiology  extant.” — British  and  Foreign 
Medical  Review. 

“  A  highly  scientific  and  philosophical  treatise  ;  rich  in  novel  and  valuable  facts.” — Medical  Gazette. 


S!R  ASTLEY  COOPER,  BART.,  F.R.S. 

A  TREATISE  ON  DISLOCATIONS  AND  FRACTURES  OF 

THE  JOINTS.  New  Edition,  much  enlarged.  Edited  by  BRANSBY  B.  COOPER, 
F.R.S.  With  126  Engravings  on  Wood,  by  Bagg.  8vo.  cloth,  20s. 

“  In  this  work  we  find  the  last,  the  most  matured  views  of  its  venerable  author,  who,  with  unexam¬ 
pled  zeal,  continued  to  almost  the  last  moment  of  his  life  to  accumulate  materials  for  perfecting  his 
works.  Every  practical  surgeon  must  add  the  present  volume  to  his  library.  Its  commodious  and 
portable  form — no  mean  consideration, — the  graphic,  the  almost  speaking  force  of  the  unequalled  illus¬ 
trations,  the  copious  addition  of  valuable  and  instructive  cases,  and  the  great  improvement  in  clearness 
and  precision  which  has  been  gained  by  the  judicious  arrangement  of  the  materials,  all  combine  to 
render  the  present  edition  indispensable.” — British  and  Foreign  Medical  Review. 

II. 

ON  THE  STRUCTURE  AND  DISEASES  OF  THE  TESTIS. 

Illustrated  with  24  highly-finished  Coloured  Plates.  Second  Edition.  Royal  4to. 

^  Reduced  from  £3.  3s.  to  £l..  10s. 

i  “  The  republication  of  this  splendid  volume  supplies  a  want  that  has  been  very  severely  felt  from  the 

W  exhaustion  of  the  first  edition  of  it  .  .  .  The  practical  surgeon  who  is  not  master  of  its  contents  cannot 
Ste  be  fully  aware  of  the  imperfection  of  his  own  knowledge  on  the  subject  of  diseases  of  the  testicle.” — 
yy  British  and  Foreign  Medical  Review. 
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MR.  COOPER, 

PROFESSOR  OF  SURGERY  IN  THE  UNIVERSITY  COLLEGE,  LONDON. 

TIIE  FIRST  LINES  OF  THE  PRACTICE  OF  SURGERY  ; 

designed  as  an  Introduction  for  Students,  and  a  Concise  Book  of  Reference  for  Practi¬ 
tioners.  Sixth  Edition,  considerably  improved.  8vo.  cloth,  18s. 

n. 


A  DICTIONARY  OF  PRACTICAL  SURGERY ;  comprehending  all 

the  most  interesting  Improvements,  from  the  Earliest  Times  down  to  the  Present  Period. 
Seventh  Edition.  One  very  thick  volume,  8vo.  1 1.  10s. 
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MR.  COOLEY. 

COMPREHENSIVE  SUPPLEMENT  TO  THE  PHARMACOPEIAS. 

THE  CYCLOPEDIA  OF  PRACTICAL  RECEIPTS,  AND  Col¬ 
lateral  INFORMATION  IN  THE  ARTS,  MANUFACTURES,  AND 
TRADES,  INCLUDING  MEDICINE,  PHARMACY,  AND  DOMESTIC  ECO¬ 
NOMY  ;  designed  as  a  Compendious  Book  of  Reference  for  the  Manufacturer,  Trades¬ 
man,  Amateur,  and  Heads  of  Families.  Second  Edition,  in  one  thick  volume  of  800 
pages.  8vo.  cloth,  14s. 

The  design  of  this  work,  of  which  a  second  edition  is  now  offered  to  the  public,  is  to  pre¬ 
sent  an  accurate  and  compendious  collection  of  formula  and  processes,  together  with  a  variety 
of  useful  practical  information.  It  will  be  found  to  contain  directions  for  the  preparation  of 
several  thousand  articles  of  interest  and  utility,  together  with  their  properties,  uses,  and 
doses,  and  generally  the  means  of  ascertaining  their  purity  and  detecting  their  presence  in 
other  compounds.  The  sources  from  which  the  materials  of  the  present  work  have  been 
derived  are  such  as  to  render  it  deserving  of  the  utmost  confidence.  The  best  and  latest 
authorities  have  been  invariably  resorted  to,  and  innumerable  volumes,  both  British  and  Con¬ 
tinental,  have  been  consulted  and  compared.  A  large  portion  of  the  work  has  been  derived 
from  the  personal  experience  of  the  Editor,  and  the  processes  of  various  laboratories  and 
manufactories,  many  of  which  he  can  highly  recommend,  from  having  inspected  their  appli¬ 
cation  on  an  extensive  scale.  The  indiscriminate  adoption  of  matter,  without  exami¬ 
nation,  has  been  uniformly  avoided,  and  in  no  instance  has  any  process  been  admitted 
unless  it  rested  upon  some  well-known  fact  of  science,  or  came  recommended  on  good  au¬ 
thority. 
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MR.  W.  WHITE  COOPER. 

PRACTICAL  REMARKS  ON  NEAR  SIGHT,  AGED  SIGHT, 

AND  IMPAIRED  VISION.  Post  8vo.  cloth,  7s. 

“  The  account  of  Mr.  Cooper’s  work  we  have  given,  shows  it  to  be  one  of  considerable  merit.” — 
Medico-Chirurgical  Review. 

“  We  would  recommend  a  perusal  of  Mr.  Cooper’s  work  to  all  w7ho  are  suffering  from  the  defects  of 
vision,  of  which  it  treats  ;  to  the  consumer  of  midnight  oil ;  to  the  philanthropist,  and  especially  to  the 
medical  practitioner.” — Provincial  Medical  Journal. 


MR.  CROSSE,  F.R.S. 

SURGEON  TO  THE  NORFOLK  AND  NORWICH  HOSPITAL. 

X. 


A  TREATISE  ON  THE  FORMATION,  CONSTITUENTS,  AND 

EXTRACTION  OF  THE  URINARY  CALCULUS  ;  being  the  Essay  for  which 
the  Jacksonian  Prize  for  1833  was  awarded  by  the  Royal  College  of  Surgeons  in  London. 
With  numerous  Plates.  4to.  21.  2s.  plain,  21.  12s.  Gd.  coloured. 
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“  It  is  a  work  which  all  hospital-surgeons  will  possess — indeed,  which  all  surgeons  who  wish  to  be 
well  acquainted  with  their  profession  should.” — Dr.  Johnson's  Review. 

II. 


a 


AN  ESSAY  ON  INYERSIO  UTERI. 

Parts  I.  and  II.  With  Plates.  8vo.  cloth,  7s.  6d.  each  Part. 


A  TREATISE  ON  THE  STRUCTURE,  DISEASES,  AND 

INJURIES  OF  THE  BLOOD  VESSELS  ;  with  Statistical  Deductions.  Being 
the  Jacksonian  Prize  Essay,  1844.  8vo.  cloth,  14s. 


“  The  work  is  a  valuable  contribution  to  surgery — one  of  which  the  general  practitioners  have  reason 
to  be  proud.”— Medico-Chirurgical  Review. 

“We  have  great  pleasure  in  recommending  to  the  notice  of  the  members  of  the  Provincial  Association 
this  excellent  work  of  one  of  our  associates.” — Provincial  Medical  and  Surgical  Journal. 

“  We  regard  Mr.  Crisp’s  work  as  a  valuable  addition  to  our  surgical  literature.” — British  and  Foreign 
Medical  Review. 

“The  Committee  strongly  recommend  the  study  of  Mr.  Crisp’s  work  to  those  who  desire  to  be 
prepared  for  more  than  the  ‘  ordinary  emergencies  ’  of  practice.” — South- Eastern^Branch  of  the  Pro¬ 
vincial  Medical  und  Surgical  Association. 


MR.  COPEMAN. 

A  COLLECTION  OF  CASES  OF  APOPLEXY. 

With  an  Explanatory  Introduction.  8vo.  cloth,  7s. 


SIR  ALEXANDER  DOWNIE,  M.D.  X 

PHYSICIAN  TO  HER  MAJESTY’S  LEGATION  AT  FRANKFORT,  ETC. 

A  PRACTICAL  TREATISE  ON  THE  EFFICACY  OF  MINERAL  | 

WATERS  IN  THE  CURE  OF  CHRONIC  DISEASE.  Illustrated  by  Cases.  Y 
With  an  Analysis  of  the  most  reputed  Spas  of  Germany.  24mo.  cloth,  6s. 


MR.  DRUITT. 

THE  SURGEON’S  VADE-MECUM;  with  numerous  Engravings 

Wood.  Fourth  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 
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“  .  .  .  But  while  we  thus  enlarge  upon  the  merits  of  the  work  as  suitable  to  the  wants  of  the  student, 
we  feel  equally  warranted  in  recommending  it  to  the  perusal  of  the  practitioner,  as  fulfilling  the  intention 
of  the  author,  in  being  ‘a  short,  but  complete  account  of  modern  surgery;’  containing  everything  that 
is  essential  to  the  right  understanding  of  its  principles,  and  embodying  the  experience  of  the  highest 
authorities  as  to  the  best  rules  of  practice.” — Lancet. 
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MR.  D  U  F  T  O  N. 

TnE  NATURE  AND  TREATMENT  OF  DEAFNESS  AND  DIS- 

EASES  OF  THE  EAR,  AND  THE  TREATMENT  OF  THE  DEAF  AND 
DUMB.  Post  8vo.  cloth,  4s. 

“  One  of  the  best  compendiums  of  aural  medicine  and  surgery  which  has  hitherto  been  published.” — 
The  Lancet. 


%  DR.  EVANS. 

A  CLINICAL  TREATISE  ON  THE  ENDEMIC  FEVERS  OF 

THE  WEST  INDIES,  intended  as  a  Guide  for  the  Young  Practitioner  in  those  Coun¬ 
tries.  8vo.  cloth,  9s. 

“  We  strongly  recommend  this  work  to  every  medical  man  who  leaves  the  shores  of  England  for  the 
West-India  Islands.  It  is  full  of  instruction  for  that  class  of  the  profession,  and  indeed  contains  a  great 
mass  of  materials  that  are  interesting  to  the  pathologist  and  practitioner  of  this  country.” — Medico- 
Chirurgical  Review. 
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SIR  JAMES  EYRE. 


PRACTICAL  REMARKS  ON  SOME  EXHAUSTING  DISEASES, 

particularly  those  incident  to  Women.  Post  8vo.  cloth,  4s. 

“  We  recommend  Sir  James  Eyre’s  Remarks  to  the  perusal  of  the  profession ;  they  are  evidently  the 
result  of  considerable  experience,  and  are  communicated  in  a  condensed  and  practical  style.” — Lancet. 

“The  thanks  of  the  profession  are  due  to  Sir  James  Eyre  for  this  plain  and  succinct  detail  of  im¬ 
portant  cases,  treated  by  a  safe  and  easy  remedy  which  is  only  just  coming  into  use.” — Johnson's 
M edico-  Chirurgical  Review. 


DR.  J.  C.  AUGUST  FRANZ,  M.D. 


THE  EYE :  A  TREATISE  ON  THE  ART  OP  PRESERVING 

THIS  ORGAN  IN  A  HEALTHY  CONDITION,  AND  OF  IMPROVING 
THE  SIGHT;  to  which  is  prefixed  a  View  of  the  Anatomy  and  Physiology  of 
the  Eye.  With  Plates.  Post  8vo.  7s.  6d. 
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II. 

A  TREATISE  ON  MINERAL  WATERS,  with  particular  reference  to 

those  Prepared  at  the  Royal  German  Spa  at  Brighton.  12mo.  cloth,  4s.  6d. 
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MR.  FERGUSSON,  F.R.S.E. 

PROFESSOR  OF  SURGERY  IN  KING’S  COLLEGE,  LONDON. 

A  SYSTEM  OF  PRACTICAL  SURGERY;  with  numerous  Illus¬ 

trations  on  Wood.  Second  Edition.  Foolscap  8vo.  cloth,  12s.  6d. 

“  Professor  Fergusson’s  work,  we  feel  persuaded,  will  be  as  great  a  favourite  as  it  deserves,  for  it  com¬ 
bines  the  powerful  recommendations  of  cheapness  and  elegance  with  a  clear,  sound,  and  practical 
treatment  of  every  subject  in  surgical  science.  The  illustrations,  by  Bagg,  are  admirable — in  his  very 
best  style.” — Edinburgh  Journal  of  Medical  Science. 


C.  REMIGIUS  FRESENIUS. 

ELEMENTARY  INSTRUCTION  IN  CHEMICAL  ANALYSIS, 

AS  PRACTISED  IN  THE  LABORATORY  OF  GIESSEN.  Edited  by  LLOYD 
BULLOCK,  late  Student  at  Giessen. 

Qualitative;  Second  Edition.  8vo.  cloth,  9s. 

Quantitative;  8yo.  cloth,  14s. 

“  I  can  confidently  recommend  this  work,  from  my  own  personal  experience,  to  all  who  are  desirous  of 
obtaining  instruction  in  analysis,  for  its  simplicity  and  usefulness,  and  the  facility  with  which  it  may  be 
apprehended.’  ’ — Baron  Liebig. 
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DR.  FLEMING. 
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AN  INQUIRY  INTO  THE  PHYSIOLOGICAL  AND  MEDICINAL 

PROPERTIES  OF  THE  ACONITUM  NAPELLUS  ;  to  which  are  added  Obser¬ 
vations  on  several  other  Species  of  Aconitum :  being  a  Thesis  to  which  a  Gold  Medal  was 
awarded  by  the  Faculty  of  Medicine  of  the  University  of  Edinburgh,  at  the  Graduation 
of  1844.  8vo.  cloth,  5s. 
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MR.  CHURCHILL  S  PUBLICATIONS. 


DR.  FORBES,  F.R.S. 

ILLUSTRATIONS  OF  MODERN  MESMERISM,  from  Personal  In¬ 

vestigation.  Sewed,  2s.  6<i. 

“  A  smart,  able  production.  If  there  are  still  any  doubters  as  to  mesmerism  being  a  fraud,  we  advise 
them  to  peruse  this  pamphlet.  It  certainly  is  a  prickly  rod  for  one  of  the  classes  of  quacks.” — Lancet. 

“  If  Cruikshank  should  want  a  subject  for  his  pencil,  he  cannot  do  better  than  take  up  this  little  book. 
It  is  the  most  comical  thing  that  has  appeared  since  Miss  Martineau’s  Revelations.” — Britannia. 
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DR.  FURN1VALL. 

ON  DISEASES  OF  THE  HEART  AND  ON  ANEURISM ;  their 

Diagnosis,  Prevention,  and  Treatment.  8vo.  clotli,  8s. 

“  It  appears  to  us  that  few  writers  have  appreciated  so  justly  the  real  characters  and  tendencies  of 
cardiac  affections,  and  the  rational  plan  upon  which  they  should  be  treated.” — Medical  Gazette. 
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MR.  FOWNES,  PH.  D.,  F.R.S. 

PROFESSOR  OK  PRACTICAL  CHEMISTRY  IN  UNIVERSITY  COLLEGE,  LONDON. 


I. 

A  MANUAL  OF  CHEMISTRY;  with  numerous  Illustrations  on  Wood. 

Second  Edition.  Fcap.  8vo.  clotli,  12s.  6d. 

“The  author  of  this  Manual  has  made  a  valuable  addition  to  the  existing  works  on  chemistry,  by  offer¬ 
ing  the  student  an  accurate  compendium  of  the  state  of  chemical  science,  well  illustrated  by  appropriate 
and  neatly  executed  wood  engravings.” — Medico-Cliirurgical  Review. 

“  An  admirable  exposition  of  the  present  state  of  chemical  science,  simply  and  clearly  written,  and 
displaying  a  thorough  practical  knowledge  of  its  details,  as  well  as  a  profound  acquaintance  with  its 
principles.  The  illustrations,  and  the  whole  getting-up  of  the  book,  merit  our  highest  praise.” — British 
and  Foreign  Medical  Review. 


II. 

INTRODUCTION  TO  QUALITATIYE  ANALYSIS.  Post  Svo.doth,  2s. 

III. 


CHEMICAL  TABLES.  Folio,  price  2 s.  6d. 
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DR.  GAVIN, 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  SURGEONS,  EDINBURGH  AND  LONDON. 

ON  FEIGNED  AND  FICTITIOUS  DISEASES,  chiefly  of  Soldiers 

and  Seamen;  on  the  means  used  to  simulate  or  produce  them,  and  on  the  best  Modes  of 
discovering  Impostors;  being  the  Prize  Essay  in  the  Class  of  Military  Surgery  in  the 
University  of  Edinburgh.  8vo.  cloth,  9s. 


MR.  GRIFFITHS, 

PROFESSOR  OF  CHEMISTRY  IN  THE  MEDICAL  COLLEGE  OF  ST.  BARTHOLOMEW’S  HOSPITAL. 

CHEMISTRY  OF  THE  FOUR  SEASONS  —  Spring,  Summer, 

Autumn,  Winter.  Illustrated  with  Engravings  on  Wood.  Post  8vo.  cloth,  10s.  6d. 

“  This  volume  combines,  in  an  eminent  degree,  amusement  with  instruction.  The  laws  and  properties 
of  those  wonderful  and  mysterious  agents— heat,  light,  electricity,  galvanism,  and  magnetism,  are  ap¬ 
propriately  discussed,  and  their  influence  on  vegetation  noticed.  We  would  especially  recommend  it  to 
youths  commencing  the  study  of  medicine,  both  as  an  incentive  to  their  natural  curiosity,  and  an  intro¬ 
duction  to  several  of  those  branches  of  science  which  wall  necessarily  soon  occupy  their  attention.” — 
British  and  Foreign  Medical  Review. 
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- — - 


MR.  GRANTHAM. 


FACTS  AND  OBSERVATIONS  IN  MEDICINE  AND  SURGERY, 

having  particular  reference  to  Fractures  and  Dislocations,  Gunshot  Wounds,  Calculus, 
Insanity,  Epilepsy,  Hydrocephalus,  the  Therapeutic  Application  of  Galvanism,  &c.  8vo. 
cloth,  7s.  6d. 


“  The  contents  of  this  volume  prove  Mr.  Grantham  to  be  as  able  and  judicious  a  practitioner  as  we 
know  him  to  be  a  most  respectable  man.” — Dr.  Forbes’  Medical  Review. 
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MR.  GUTHRIE,  F.R.S. 
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THE  ANATOMY  OE  THE  BLADDER  AND  OF  THE  URETHRA, 

and  the  Treatment  of  the  Obstructions  to  which  these  Passages  are  liable.  Third 
Edition.  8vo.  cloth,  5s. 

ii. 

ON  INJURIES  OF  THE  HEAD  AFFECTING  THE  BRAIN. 

4to.  boards,  6s. 

“The  great  practical  importance  of  those  affections  which  constitute  Air.  Guthrie’s  Treatise.  A  com¬ 
mentary  on  such  a  theme,  written  by  a  surgeon  of  experience  and  reputation,  cannot  fail  to  attract  the 
attention  of  the  profession.” — British  and  Foreign  Medical  Review. 

III. 

ON  WOUNDS  AND  INJURIES  OF  THE  ARTERIES  OF  THE 

HUMAN  BODY ;  with  the  Treatment  and  Operations  required  for  their  Cure. 
8vo.  cloth,  3s. 

IV. 

ON  WOUNDS  AND  INJURIES  OF  THE  ABDOMEN  AND 

THE  PELVIS.  8vo.  cloth,  3s. 
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DR.  GULLY. 

THE  WATER  CURE  IN  CHRONIC  DISEASE :  an  Exposition  of 

the  Causes,  Progress,  and  Terminations  of  various  Chronic  Diseases  of  the  Viscera,  Nervous 
System,  and  Limbs,  and  of  their  Treatment  by  Water  and  other  Hygienic  Means. 
Second  Edition.  Post  8vo.  cloth,  7s. 

THE  SIMPLE  TREATMENT  OF  DISEASE;  deduced  from  the 

Methods  of  Expectancy  and  Revulsion.  18mo.  cloth,  4s.  6d. 

hi. 


AN  EXPOSITION  OF  THE  SYMPTOMS,  ESSENTIAL  NATURE, 

AND  TREATMENT  OF  NERVOUSNESS.  Second  Edition.  8vo.  6s. 

“This  volume  is  written  in  a  lucid  style,  and  deserves  the  attention  of  every  medical  practitioner.” — 
Edinburgh  Medical  and  Surgical  Journal. 


0 


DR.  GUY, 

PHYSICIAN  TO  KING’S  COLLEGE  HOSPITAL. 


HOOPER’S  PHYSICIAN’S  YADE-MECUM;  OE,  MANUAL  OF 

THE  PRINCIPLES  AND  PRACTICE  OF  PHYSIC.  New  Edition,  considerably 
enlarged,  and  re-written.  Foolscap  8vo.  cloth,  10s.  Qd. 


mr.  churchill's  publications. 


M.  GIBERT. 

A  PRACTICAL  TREATISE  ON  SPECIAL  DISEASES  OF  THE 

SKIN;  with  Cases  and  numerous  Notes.  By  C.  M.  GIBERT,  Physician  to  the  Hopital 
St.  Louis,  Fellow  of  the  Faculty  of  Medicine  at  Paris,  &c.  Translated  by  ELGAR 
SHEPPARD,  M. R. C. S.  Post  8vo.  cloth,  7s.  6d. 


“  M.  Gibert  has  long  been  regarded  in  his  own  country  as  a  high  authority  upon  cutaneous  pathology, 
and  his  manual  is  reckoned  a  standard  work  on  the  subject;  we  are  pleased,  therefore,  to  see  an  English 
version  of  it,  and  Mr.  Sheppard  has  performed  his  task  in  a  very  creditable  manner.  We  recommend 
the  w7ork  as  a  cheap  and  comprehensive  manual  of  skin  diseases.” — Dublin  Medical  Press. 


D  R.  GLOVER. 

ON  THE  PATHOLOGY  AND  TREATMENT  OF  SCROFULA  ; 

being  the  Forthergillian  Prize  Essay  for  1846.  With  Plates.  8vo.  cloth,  10s.  6d. 

“We  feel  much  pleasure  in  expressing  our  opinion  that  Dr.  Glover’s  work  reflects  credit  alike  upon 
him  as  the  Author,  and  upon  the  Medical  Society  of  London,  in  having  selected  it  for  the  Fothergillian 
Prize.  It  displays  excellent  scholarship,  and  an  ardent  ze<^l  in  the  pursuit  of  professional  knowledge.” 

— Medico-Chirurgical  Review. 
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MR.  GRAY,  M.R.C.S. 

PRESERVATION  OF  THE  TEETH  indispensable  to  Comfort  and 

Appearance,  Health,  and  Longevity.  18mo.  cloth,  3 s. 

“  This  small  volume  will  be  found  interesting  and  useful  to  every  medical  practitioner,  the  heads  of 
families,  and  those  who  have  the  care  of  children  ;  while  persons  who  have  lost  teeth  will  be  made  aware 
of  the  cause,  and  enabled  to  judge  for  themselves  of  the  rationale  of  the  principles  pointed  out  for  their 
replacement,  and  preservation  of  the  remainder.” 


DR.  MARSHALL  HALL,  F.R.S. 

PRACTICAL  OBSERVATIONS  AND  SUGGESTIONS  IN  MEDI- 

CINE.  Post  8vo.  cloth,  85.  6ch 


DITTO.  Setonii  Srrtrs.  Post  8vo.  cloth,  8s.  6d. 

“  The  work  affords  fruits  of  the  mental  energy  of  an  observer  who  is  anything  but  content  to  follow 
the  beaten  path  where  more  successful  roads  lie  open  before  him.  It  is  not  a  work  of  speculative 
dreamy  philosophy,  but  of  sound  practical  common  sense,  and  as  such  will  recommend  itself  to  the 
judicious  practitioner.” — Northern  Journal  of  Medicine. 


MR.  WILLIAM  HARVEY,  M.R.C.S. 

SURGEON  TO  THE  ROYAL  DISPENSARY  FOR  DISEASES  OF  THE  EAR. 

A  SYNOPSIS  OF  THE  DISEASES  OF  THE  HUMAN  EAR. 

2$.  Qd.  on  a  sheet,  or  4s.  on  canvas,  bound  in  cloth. 


“  We  can  assure  our  readers,  that  as  an  introduction  to  the  practical  study  of  this  subject,  or  as  a 
means  of  refreshing  the  memories  of  those  who  have  long  since  acquired  some  knowledge  of  the  matter, 
Mr.  Harvey’s  table  will  be  found  of  great  and  sterling  utilty.” — Medical  Gazette. 
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DR.  HENNEN,  F.R.S. 


PRINCIPLES  OF  MILITARY  SURGERY;  comprising  Observations 

on  the  Arrangement,  Police,  and  Practice  of  Hospitals,  and  on  the  History,  Treatment, 
and  Anomalies  of  Variola  and  Syphilis.  Illustrated  with  Cases  and  Dissections.  Third 
Edition.  With  Life  of  the  Author,  by  his  Son,  Dr.  John  Hennen.  8 vo.  boards,  16s. 


“The  value  of  Dr.  Hennen’s  work  is  too  well  appreciated  to  need  any  praise  of  ours.  We  are 
only  required,  then,  to  bring  the  third  edition  before  the  notice  of  our  readers ;  and  having  done 
this,  we  shall  merely  add  that  no  military  surgeon  ought  to  be  without  it.” — Medical  Gazette . 
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MR.  HOOD. 


ON  THE  DISEASES  MOST  FATAL  TO  CHILDREN,  with  Re- 

ference  to  the  Propriety  of  Treating  them  as  proceeding  from  Irritation,  and  not  from  In¬ 
flammation.  Post  8vo.  cloth,  6s. 

“  The  views  of  Mr.  Hood  are,  to  a  greater  extent  than  is  usually  imagined,  borne  out  by  all  the  best 
late  writers  who  have  seen  much  practice  among  children.  The  work  is  purely  a  practical  one,  and  is  a 
valuable  contribution  to  our  knowledge.” — Edinburgh  Medical  and  Surgical  Journal. 
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DR.  HOSKINS,  F.R.S. 

SCHARLTNCt  on  the  chemical  discrimination  of 

VESICAL  CALCULI.  Translated,  with  an  Appendix  containing  Practical  Directions 
for  the  Recognition  of  Calculi.  With  Plates  of  Fifty  Calculi,  accurately  coloured. 
l‘2mo.  cloth,  7s.  6c/. 

“The  volume  of  Professor  Scharling  gives,  in  the  fullest  and  minutest  manner,  the  information 
requisite  for  the  chemical  discrimination  of  vesical  calculi,  and  conveys  the  directions  for  analysis'  so 
clearly,  and  with  so  much  arrangement,  that  the  hard-working  practitioner  (who  is  not,  and  cannot 
be  a  perfect  chemical  analyst)  may,  by  its  aid,  ascertain  with  precision  the  composition  of  calculi. 
The  value  of  Professor  Scharling’s  book  is  much  increased  by  its  numerous  coloured  engravings  of 
vesical  calculi,  and  by  its  description  of  their  physical  character  and  aspect.” — Provincial  Medical 
Journal. 
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DR.  G.  CALVERT  HOLLAND. 


I. 

THE  PHILOSOPHY  OF  ANIMATED  NATURE;  OR,  THE 

LAWS  AND  ACTION  OF  THE  NERVOUS  SYSTEM.  8to.  cloth,  12s. 


THE  PHILOSOPHY  OF  THE  MOVING  POWERS  OF  THE 

BLOOD.  8vo.  cloth,  8s. 

“This  work  evinces  much  penetration,  and  is  well  worthy  of  consideration.” — Medico- Chirurgical 
Review. 


“  We  recommend  Dr.  Holland’s  work  to  the  attention  of  such  of  our  readers  as  wish  to  go  more 

deeply  into  the  question  than  they  can  do  by  means  of  the  ordinary  treatise  on  physiology.” _ 

British  and  Foreign  Medical  Review. 

III. 


DISEASES  OF  THE  LUNGS  FROM  MECHANICAL  CAUSES, 

and  Inquiries  into  the  Condition  of  the  Artisans  exposed  to  the  Inhalation  of  Dust. 
8vo.  cloth,  4s.  6 d. 
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MR.  THOMAS  HUNT,  M.R.C.S. 

THE  PATHOLOGY  AND  TREATMENT  OF  CERTAIN  DIS- 

EASES  OF  THE  SKIN,  generally  pronounced  Intractable.  Illustrated  by  upwards 
of  Forty  Cases.  8vo.  cloth,  6s. 

“  We  have  found  Mr.  Hunt’s  practice  exceedingly  successful  in  severe  obstinate  cases.” — Braith- 
waite’s  Retrospect  of  Medicine. 

“The  facts  and  views  he  brings  forward  eminently  merit  attention.” — Britisli  and  Foreign  Medical 
Review. 


DR.  JOHNSTONE, 

PHYSICIAN  TO  THE  GENERAL  HOSPITAL,  BIRMINGHAM. 

A  DISCOURSE  ON  THE  PHENOMENA  OF  SENSATION, 

AS  CONNECTED  WITH  THE  MENTAL,  PHYSICAL,  AND  INSTINCTIVE 
FACULTIES  OF  MAN.  8vo.  cloth,  8 s. 

“  This  volume  contains  a  good  resume  of  "the  labours  of  different  physiologists  ;  it  exhibits  careful  and 
extensive  reading,  and  a  just  and  candid  appreciation  of  the  labours  of  other  men.  The  student  of  the 
nervous  system  will  derive  benefit  from  the  perusal  of  this  work,  which  is  very  creditable  to  its 
author.” — Dublin  Journal  of  Medical  Science. 
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MR.  WHARTON  JONES,  F.R.S. 


A  MANUAL  OF  THE  PRINCIPLES  AND  PRACTICE  OF 

OPHTHALMIC  MEDICINE  AND  SURGERY  ;  illustrated  with  102  Engravings, 
plain  and  coloured.  Foolscap  8vo.  cloth,  12s.  6cl. 

‘  ‘  The  execution  of  the  work  sustains  in  every  point  the  already  high  reputation  of  the  author  as  an 
ophthalmic  surgeon,  as  well  as  a  physiologist  and  pathologist.  We  entertain  little  doubt  that  this 
book  will  become  a  manual  for  daily  reference  and  consultation  by  the  student  and  the  general  practi¬ 
tioner.” — British  and  Foreign  Medical  Review. 


MR.  LAWRENCE,  F.R.S. 

A  TREATISE  ON  RUPTURES,  The  Fifth  Edition,  considerably 

enlarged.  8vo.  cloth,  16s. 

“  The  peculiar  advantage  of  the  treatise  of  Mr.  Lawrence  is,  that  he  explains  his  views  on  the  anatomy 
of  hernia  and  the  different  varieties  of  the  disease  in  a  manner  which  renders  his  book  peculiarly  useful 
to  the  student.  It  must  be  superfluous  to  express  our  opinion  of  its  value  to  the  surgical  practitioner. 
As  a  treatise  on  hernia,  presenting  a  complete  view  of  the  literature  of  the  subject,  it  stands  in  the  first 
rank .”  —Edinburgh  Medical  and  Surgical  Journal. 
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DR.  HUNTER  LANE,  F.L.S.,  F.S.S.A. 

A  COMPENDIUM  OF  MATERIA  MEDICA  AND  PHARMACY ; 

adapted  to  the  London  Pharmacopoeia,  embodying  all  the  new  French,  American,  and 
Indian  Medicines,  and  also  comprising  a  Summary  of  Practical  Toxicology.  One  neat 
pocket  volume.  Cloth,  os. 

“  Dr.  Lane’s  volume  is  on  the  same  general  plan  as  Dr.  Thompson’s  long  known  Conspectus ;  but  it 
is  much  fuller  in  its  details,  more  especially  in  the  chemical  department.  It  seems  carefully  compiled, 
is  well  suited  for  its  purpose,  and  cannot  fail  to  be  useful.” — British  and  Foreign  Medical  Review. 

“  This  work  contains  a  concise  but  comprehensive  account  of  all  the  simple  and  compound  medicines 
in  use  ;  it  contains  a  greater  amount  of  chemical  information  than  we  often  meet  with  in  a  small  work  on 
pharmacy.  The  work  is  worthy  of  recommendation.” —  Lancet. 
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ON  TUMOURS  OF  THE  UTERUS  AND  ITS  APPENDAGES ; 

being  the  Jacksonian  Prize  Essay.  8vo.  cloth,  8s. 

“  A  most  important  and  talented  exposition  of  tumours  of  the  uterus.  We  shall  give  a  detailed  account, 
premising  that  we  regard  it  as  one  of  the  best  works  of  its  class.” — Dr.  Ranking’s  Half-Yearly  Abstract. 

“  A  complete  monograph  on  tumours  of  the  sexual  organs  of  the  female.  As  such  we  estimate  it,  and 
we  think  it  deserves  a  place  in  the  library  of  the  practitioner,  both  as  a  practical  treatise  and  as  a  work 
of  reference.” — British  and  Foreign  Medical  Review. 

“  Mr.  Lee’s  volume  is  one  of  a  class  of  which  we  would  fain  see  more  frequent  examples,  and  we 
think  that  the  College  of  Surgeons  has  displayed  a  sound  judgment  in  according  it  the  Jacksonian  Prize. 
It  is  characterized  by  so  patient  an  examination  of  the  subject  discussed,  and  such  an  evident  desire 
on  the  part  of  the  author  not  to  move  one  step  in  advance  of  his  facts,  that  it  will  not  fail,  we  are 
assured,  in  impressing  the  reader  with  an  entire  confidence  in  the  writer’s  truthfulness  and  capacity  for 
correct  observation.” — Provincial  Medical  Journal. 
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MR.  EDWIN  LEE. 


OBSERVATIONS  ON  THE  MEDICAL  INSTITUTIONS  AND 

PRACTICE  OF  FRANCE,  ITALY,  AND  GERMAN  Y ;  with  Notices  of  the 
Universities  and  Climates,  and  a  Parallel  View  of  English  and  Foreign  Medicine 
and  Surgery.  Second  Edition,  7s. 

ii. 

REMARKS  ON  MEDICAL  ORGANIZATION  AND  REFORM, 

Foreign  and  English.  8vo.  cloth,  3s.  Qd. 

hi. 

PRACTICAL  OBSERVATIONS  ON  MINERAL  WATERS  AND 

BATHS. 

Contents : — On  Mineral  Waters  in  General— Classification  and  Effects  of  Employment 
of — Adaptation  to  States  of  Disease — Sea  Bathing— Artificial  Mineral  Waters — Notes 
on  Continental  Climates— The  Cold-Water  Cure.  Post  8vo.  cloth,  4s.  6d. 
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M.  LALLEMAND. 


ON  THE  CAUSES,  SYMPTOMS,  AND  TREATMENT  OF  SPER- 

MATORRHIEA.  Translated  from  the  French.  By  Henry  J.  M‘Dougall,  M.R.  C.S., 
late  House-Surgeon  to  University  College  Hospital.  8vo.  cloth,  12s. 

“The  volume  is  copiously  illustrated  by  cases,  which  show  all  the  Protean  effects  that  have  been 
observed  to  follow  spermatorrhoea.  The  translation  is  creditable  to  Mr.  M‘Dougall;  he  has  carefully 
avoided  anything  like  empiricism,  and  has  treated  the  subject  as  it  should  be  treated  by  a  professional 
man  desirous  of  improving  surgical  practice.”- — Medical  Gazette. 

“We  express  our„opinion,  that  Mr.  M'Dougall’s  translation  of  so  useful  a  work  will  prove  of  great 
service  to  the  profession  of  this  country,  by  recalling  attention  to  a  too-neglected  subject.” — Medico- 
Chirurgical  Review. 


MR.  LISTON,  F.R.S. 

SURGEON  TO  THE  NORTH  LONDON  HOSPITAL. 

|  PRACTICAL  SURGERY.  Fourth  Edition.  8vo.  cloth,  22 s. 

“  In  conclusion,  it  is  scarcely  necessary  to  repeat  our  earnest  recommendation  of  Mr.  Liston’s  work. 
Having  on  a  former  occasion  expressed  ourselves  strongly  on  the  subject,  we  can  only  add  that  the  pre¬ 
sent  edition  is,  as  it  should  be,  even  more  worthy  of  our  praise  than  its  predecessors.  It  is  a  guide  to  the 
advanced  student,  and,  as  suggesting  practical  observations  of  the  highest  value  to  the  practitioner,  it  is 
J*  unsurpassed.” — British  and  Foreign  Medical  Review. 


“  His  Practical  Surgery,  being  a  record  of  his  own  peculiar  experience,  obtained  a  rapid  sale.  It  em¬ 
bodies  his  plans  and  modes  of  procedure,  more  especially  in  operations ;  and  is  undoubtedly  one  of  the 
most  important  contributions  to  the  literature  of  practical  surgery  in  the  English  language.” — Memoir 
of  Liston. — Athenceurn. 
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MR,  EDWARD  F.  LONSDALE, 

ASSISTANT-SURGEON  TO  THE  ROYAL  ORTHOPEDIC  HOSPITAL. 


A  PRACTICAL  TREATISE  ON  FRACTURES. 


Sixty  Woodcuts.  8vo.  boards,  16s. 


ii. 


Illustrated  with 


OBSERVATIONS  ON  THE  TREATMENT  OF  LATERAL  CUR- 

VATURE  OF  THE  SPINE;  pointing  out  the  Advantages  to  be  gained  by  placing  the 
Body  in  a  position  to  produce  Lateral  Flexion  of  the  Vertebral  Column,  combined  with 
the  after  application  of  Firm  Mechanical  Support.  8vo.  cloth,  6s. 

“  We  would  wish  that  this  treatise  on  lateral  curvature  of  the  spine  were  generally  read,  since  much 
ignorance  prevails  concerning  the  subject,  and,  consequently,  it  presents  an  ample  field  for  the  quack, 
and  an  opprobrium  to  the  profession.” — Lancet. 


M.  LUGOL. 

ON  SCROFULOUS  DISEASES.  Translated  from  the  French,  with 

Additions  by  W.  H.  RANKING,  M.D.,  Physician  to  the  Suffolk  General  Hospital. 
8vo.  cloth,  10s.  6d. 

“  One  of  the  most  valuable  works  presented  to  the  public  for  many  a  year,  and  calculated  to  deeply 
modify  the  views  of  the  profession  with  regard  to  the  pathology  of  scrofula.” — Lancet. 


DR.  MACKNESS, 

PHYSICIAN  TO  THE  HASTINGS  DISPENSARY. 


HASTINGS,  CONSIDERED  AS  A  RESORT  FOR  INVALIDS, 

with  Tables  illustrative  of  its  Temperature,  Salubrity,  and  Climate,  showing  its 
suitability  in  Pulmonary  and  other  Diseases;  also  Directions  for  the  Choice  of  a 
Residence,  and  Hints  as  to  Diet,  Regimen,  Bathing,  &c.  8vo.  cloth,  4s. 


n. 

THE  MORAL  ASPECTS  OF  MEDICAL  LIFE;  containing  the 

“Akesios  ”  of  PROFESSOR  MARX.  12mo.  cloth,  7s.  6d. 

“  Dr.  Mackness  has  done  a  decided  service  to  the  profession  in  compiling  this  work.” — British  and 
Foreign  Medical  Review. 

“We  cordiaHy  recommend  this  work  as  replete  with  interest  and  instruction.” — Provincial  Medi¬ 
cal  Journal. 

“  We  shall  pursue  the  subject  of  the  Akesios  in  an  early  number ;  one  more  interesting  can  rarely  be 
placed  before  the  profession.” — Lancet. 


DR.  MACR  EIGHT. 

A  MANUAL  OF  BRITISH  BOTANY;  with  a  Series  of  Analytical 

Tables  for  the  Assistance  of  the  Student  in  the  Examination  of  the  Plants  indigenous  to, 
or  commonly  cultivated  in,  Great  Britain.  Small  8vo.  cloth,  Is.  Qd,. 

“There  is  a  prodigious  mass  of  elementary  matter  and  useful  information  in  this  pocket  volume.” — 
Medico-Chirurgical  Review. 


MR.  MACILWAIN, 

CONSULTING  SURGEON  TO  THE  FINSBURY  DISPENSARY,  ETC. 

ON  TUMOURS,  THEIE  GENERAL  NATURE  AND  TREAT¬ 

MENT.  8vo.  cloth,  5s. 
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ALFRED  MARKWICK, 

SURGEON  TO  THE  WESTERN  GERMAN  DISPENSARY,  ETC. 

A  GUIDE  TO  THE  EXAMINATION  OF  THE  URINE  IN 

HEALTH  AND  DISEASE.  For  the  Use  of  Students.  18mo.  cloth,  4s. 

“  Although  addressed  especially  to  students,  it  contains  almost  all  the  information  upon  these  matters 
which  the  practitioner  requires.” — Dublin  Medical  Press. 

“The  author  must  be  admitted  to  have  attained  his  object,  in  presenting  a  convenient  bedside  com¬ 
panion.” — Dr.  Ranking's  Abstract. 
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DR.  MILLINGEN. 


ON  THE  TREATMENT  AND  MANAGEMENT  OF  THE  IN- 


SANE;  with  Considerations  on  Public  and  Private  Lunatic  Asylums. 
4s.  Q>d. 


18mo.  cloth. 


“  Dr.  Millingen,  in  one  small  pocket  volume,  has  compressed  more  real  solid  matter  than  could 
be  gleaned  out  of  any  dozen  of  octavos  on  the  same  subject.  We  recommend  this  vade-mecum  as  the 
best  thing  of  the  kind  we  ever  perused.” — Dr.  Johnson's  Review. 


DR.  JOHN  MAYNE,  L.R.C.S.E. 

A  DISPENSATORY  AND  THERAPEUTICAL  REMEM- 

BRANCER;  comprising  the  entire  Lists  of  Materia  Medica,  and  every  practical  Formula 
contained  in  the  three  British  Pharmacopoeias.  With  relative  Tables  subjoined,  illus¬ 
trating,  by  upwards  of  660  examples,  the  extemporaneous  forms  and  combinations  suitable 
for  the  different  Medicines,  &c.  Foolscap  8vo.  cloth,  7s.  6d. 
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MR.  NOBLE,  M.R.C.S.E. 

THE  BRAIN  AND  ITS  PHYSIOLOGY :  a  Critical  Disquisition  on  the 

Methods  of  Determining  the  Relations  subsisting  between  the  Structure  and  Functions 
of  the  Encephalon.  Post  8vo.  cloth,  6s. 

“  Injustice  to  Mr.  Noble,  we  feel  it  right  to  state  that  we  know  of  no  treatise  which  is  calculated  to 
convey  to  an  intelligent  and  discriminative  reader  a  better  idea  of  phrenology;  as  he  is  alike  free  from 
the  shallow  dogmatisms  of  some  authors,  and  the  bold  and  ignorant  quackeries  which  are  so  repulsive 
in  others,  and,  if  the  correctness  of  his  fundamental  principles  be  conceded,  makes  a  legitimate  and 
philosophical  use  of  observation  for  the  establishment  of  truths  of  which  he  is  in  search.” — British  and 
Foreign  Medical  Review. 
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WILLIAM  E.  C.  NOURSE,  M.R.C.S. 

TABLES  FOR  STUDENTS.  Price  One  Shilling,  or  Threepence  per 

Table. 

1.  Divisions  and  Classes  of  the  Animal  Kingdom. 

2.  Classes  and  Orders  of  the  Vertebrate  Sub-kingdom. 

3.  Classes  of  the  Vegetable  Kingdom,  according  to  the  Natural  and  Artificial  Systems. 

4.  Table  of  the  Elements,  with  their  Chemical  Equivalents  and  Symbols. 

The  object  of  these  Tables  is  to  furnish  the  student  with  a  series  of  useful  memoranda  on 
the  different  subjects,  which  can  always  be  placed  in  sight  for  ready  reference.  The  first 
three  are  intended  to  give  the  younger  student  a  clear,  broad,  and  comprehensive  view  of  the 
principal  divisions  of  the  Animal  and  Vegetable  Kingdoms;  that  he  may  know  something  of 
their  general  features  before  proceeding  to  study  them  in  detail,  and  may  also,  in  some 
measure,  understand  those  frequent  allusions  to  them  which  are  met  with  in  scientific  books 
and  lectures.  The  Chemical  Table  will  be  useful  for  reference,  both  in  the  study  and  in  the 
laboratory,  for  students  of  every  standing. 


MR.  NUNNELEY. 

A  TREATISE  ON  THE  NATURE,  CAUSES,  AND  TREATMENT 

OF  ERYSIPELAS.  8vo.  cloth,  10s.  6d. 
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MR.  PAGET, 

LECTURER  ON  PHYSIOLOGY  AT  ST.  BARTHOLOMEW’S  HOSPITAL. 

REPORT  ON  THE  CHIEF  RESULTS*' OBTAINED  BY  THE  USE  OF  THE 

MICROSCOPE,  in  the  Study  of  Human  Anatomy  and  Physiology.  8vo.  2s.  6c2. 

ii. 

RECORDS  OE  HARVEY,  in  Extracts  from  the  Journals  of  the  Royal 

Hospital  of  St.  Bartholomew.  8vo.  2s.  6d. 

in. 

A  DESCRIPTIVE  CATALOGUE  OF  THE  ANATOMICAL  MUSEUM  OE 

ST.  BARTHOLOMEW’S  HOSPITAL.  Vol.  I.  Morbid  Anatomy.  8vo.  cloth,  5s. 
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.  MR.  LANGSTON  PARKER, 

SURGEON  TO  QUEEN’S  HOSPITAL,  BIRMINGHAM. 

THE  MODERN  TREATMENT  OF  SYPHILITIC  DISEASES, 

both  Primary  and  Secondary;  comprehending  the  Improved  Methods  of  Practice  adopted 
in  this  Country  and  on  the  Continent,  with  numerous  Formulae  for  the  Preparation  and 
Administration  of  the  new  Remedies ;  to  which  is  added  an  Account  of  a  Safe  and  Success¬ 
ful  Mode  of  Treating  Chronic,  Constitutional,  and  Protracted  Syphilis  by  the  Mercurial 
Vapour  Bath,  Second  Edition,  considerably  enlarged.  Post  8vo.  cloth,  6s.  6d. 

“Not  less  distinguished  for  the  deep  research  of  its  author,  than  for  the  clear  methodical  style  which 
pervades  its  pages.” — Dublin  Medical  Journal. 

“This  little  work  is  a  useful  compendium  of  the  practice  of  the  French  surgeons.  The  book  is 
judicious  and  well  timed,  and  will  save  many  practitioners  from  the  erroneous  dulness  of  routine.” — 
Medical  Gazette. 
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DR.  E.  A.  PARKES, 

ASSISTANT-PHYSICIAN  TO  UNIVERSITY  COLLEGE  HOSPITAL. 

ON  ASIATIC  CHOLERA:  Researches  into  its  Pathology  and  Treatment. 

8vo.  cloth,  6s. 

“  We  cannot  recommend  a  better  guide  in  that  practical  investigation  of  the  disease  to  which  we  shall 
probably  be,  ere  long,  called  upon  to  return,  than  Dr.  Parkes  has  thus  seasonably  placed  before  us.” — 
M e d ico-Chirurgicul  Review. 

“  It  remains  but  to  express  our  most  favourable  opinion  of  Dr.  Parkes’s  production.  It  is  truly  a 
practical  work,  written  with  much  ability  and  judgment.” — The  Lancet. 


DR.  PROUT,  F.R.S. 

ON  THE  NATURE  AND  TREATMENT  OF  STOMACH  AND 

RENAL  DISEASES;  being  an  Inquiry  into  the  Connection  of  Diabetes,  Calculus,  and 
other  Affections  of  the  Kidney  and  Bladder  with  Indigestion.  Fifth  Edition.  With 
Seven  Engravings  on  Steel.  8vo.  cloth,  20s. 

“  We  acknowledge  and  have  pride  in  bearing  testimony  to  the  high  qualifications  of  our  countryman 
in  the  branch  of  pathological  inquiry  based  upon  chemical  facts;  we  recognise  the  comprehensive 
sagacity  of  his  speculations,  and  respect  the  patient  zeal  with  which  he  has  toiled  to  erect  upon  these  a 
stable  system, — the  important  connection  between  a  large  number  of  disordered  states  of  the  urinary 
secretion  and  disordered  states  of  the  process  of  digestion  and  assimilation.  .  .  .  We  have  only  to  repeat 
our  conviction  that  no  student  or  practitioner  can  be  regarded  as  even  tolerably  acquainted  with  the 
subject  who  has  not  read  and  re-read  them.” — British  and  Foreign  Medical  Review. 

CHEMISTRY,  METEOROLOGY,''  AND  THE  FUNCTION  OF 

DIGESTION,  considered  with  reference  to  NATURAL  THEOLOGY.  Being  a 
Third  Edition,  with  much  new  matter,  of  the  “Bridgewater  Treatise.”  8vo.  cloth,  15s. 

“  Those  who  have  been  benefited  by  the  labours  and  researches  of  Dr.  Prout  will  be  delighted  to  see 
the  announcement  of  the  third  edition,  so  much  enlarged  as  to  be  almost  a  new  work.  .  .  .  This  table  of 
contents  will  show  the  great  extent  of  our  author’s  inquiries,  and  we  need  hardly  assure  our  readers 
that  the  subjects  are  treated  with  consummate  ability.” — Dublin  Journal  of  Medical  Science. 


PROVINCIAL  ASSOCIATION. 

TRANSACTIONS  OF  THE  PROVINCIAL  MEDICAL  AND  SUR- 

GICAL  ASSOCIATION;  containing  valuable  Communications  on  Medicine  and 
Surgery,  Medical  Topography,  Infirmary  Reports,  and  Medical  Statistics.  With 
Plates,  8vo.  cloth. 

Vols.  I.  to  XV.  have  been  published. 


MR.  PETTIGREW,  F.R.S. 

ON  SUPERSTITIONS  connected  with  the  History  and  Practice  of 

Medicine  and  Surgery.  8vo.  cloth,  7s. 

“The  anecdotal  character  of  this  work  cannot  fail  to  render  it  generally  acceptable;  while  the  good 
sense  that  pervades  it,  as  distant  from  empty  declamation  as  from  absurd  credulity,  stamps  it  with  true 
historic  value.” — Gentleman’ s  Magazine. 

“  Mr.  Pettigrew’s  work  is  a  curious  investigation  into  the  various  forms  of  superstition  in  any  way 
connected  with  the  history  and  practice  of  medicine  and  surgery.  He  has  expended  much  research  upon 
it,  and  has  accumulated  a  great  number  of  most  interesting  facts.” — Metropolitan  Magazine. 
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THE  PRESCRIBED S  PHARMACOPEIA;  containing  all  the  Medi¬ 
cines  in  the  London  Pharmacopoeia,  arranged  in  Classes  according  to  their  Action,  with 
their  Composition  and  Doses.  By  a  Practising  Physician.  Third  Edition.  32mo. 
cloth,  2s.  6o?.;  roan  tuck  (for  the  pocket),  3s.  (hi. 

“  Never  was  half-a-crown  better  spent  than  in  the  purchase  of  this  ‘  Thesaurus  Medicaminum .’  This 
little  work,  with  our  visiting-book  and  stethoscope,  are  our  daily  companions  in  the  carriage.” — 
l)r.  Johnson’s  Review. 
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DR.  RANKING. 

THE  HALF-YEARLY  ABSTRACT  OF  THE  MEDICAL  SCIENCES ; 

being  a  Practical  and  Analytical  Digest  of  the  Contents  of  the  Principal  British  and  Con¬ 
tinental  Medical  Works  published  in  the  preceding  Half-Year;  together  with  a  Critcial 
Report  of  the  Progress  of  Medicine  and  the  Collateral  Sciences  during  the  same  period. 

Volumes  I.  to  VI.,  6s.  6d.  each. 


The  great  success  this  work  received  on  the  appearance  of  its  first  volume  has  encouraged 
the  editor  to  make  additional  arrangements  to  those  he  had  originally  entered  into,  and 
which  he  trusts  will  be  found  to  add  both  to  the  literary  merits  and  practical  value  of  the 
publication. 

“The  sifting  which  the  journals  and  other  medical  works  undergo,  and  the  judicious  selection  from 
their  pages  of  points  of  practical  interest,  and  of  discoveries  of  importance  in  the  collateral  sciences,  form 
an  important  part  of  the  duty  of  the  editor  ;  and,  after  a  careful  examination  of  Dr.  Ranking’s  volumes, 
wTe  are  bound  to  state  that  the  duty  has  been  most  ably  performed.” — Provincial  Medical  Journal. 

“  The  difficulty  of  obtaining  a  competent  knowledge  of  the  current  literature  of  the  day,  which  is  so 
much  felt  by  those  actively  employed  in  the  duties  of  our  profession,  and  especially  by  that  most  im¬ 
portant  class,  the  general  practitioner,  will,  we  think,  be  greatly  diminished  by  the  publication  of  a  work 
containing  a  brief,  but  excellent  summary  of  the  most  recent  researches.  Dr.  Ranking’s  ‘  Half-Yearly 
Abstract  of  the  Medical  Sciences,’  of  which  the  first  volume  has  just  appeared,  possesses  the  peculiar 
advantage  of  presenting  admirable  reports  on  each  division  of  medical  science  from  the  pens  of  indi- 
^  viduals  who  have  specially  devoted  themselves  to  these  various  branches  of  professional  pursuit.” — 
()  Extract  from  Dr.  Charlton’s  Retrospective  Address  before  the  Provincial  Medical  Association ,  at 
,,  Sheffield,  July  1845. 

t“  Useful  in  a  high  degree,  by  concentrating  into  one  volume  a  large  amount  of  scientific  information . 
The  work  is  well  conceived  and  executed  with  ability,  and,  we  doubt  not,  will  be  useful  to  those  who  feel 
it  their  duty  to  keep  up  with  the  knowledge  of  the  day.” — Edinburgh  Medical  and  Surgical  Journal. 
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MR.  CHURCHILL  S  PUBLICATIONS. 


DR.  F.  H.  RAMSBOTHAM, 

PHYSICIAN  TO  THE  ROYAL  MATERNITY  CHARITY,  ETC. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRIC  MEDI- 

CINE  AND  SURGERY,  IN  REFERENCE  TO  THE  PROCESS  OF  PAR- 
TURITION.  Illustrated  with  One  Hundred  and  Ten  Plates  on  Steel  and  Wood; 
forming  one  thick  handsome  volume.  Second  Edition.  8vo.  cloth,  22s. 

“  The  work  of  Dr.  Ramsbotham  may  be  described  as  a  complete  system  of  the  principles  and  practice 
of  midwifery  ;  and  the  author  has  been  at  very  great  pains  indeed  to  present  a  just  and  useful  view  of 
the  present  state  of  obstetrical  knowledge.  The  illustrations  are  numerous,  well  selected,  and  appropri¬ 
ate,  and  engraved  with  great  accuracy  and  ability.  In  short,  we  regard  this  work,  between  accurate 
descriptions  and  useful  illustrations,  as  by  far  the  most  able  work  on  the  principles  and  practice  of  mid¬ 
wifery  that  has  appeared  for  a  long  time.  Dr.  Ramsbotham  has  contrived  to  infuse  a  larger  portion  of 
common  sense  and  plain  unpretending  practical  knowledge  into  his  work  than  is  commonly  found  in 
works  on  this  subject ;  and  as  such  we  have  great  pleasure  in  recommending  it  to  the  attention 
of  obstetrical  practitioners.”—  Edinburgh  Medical  and  Surgical  Journal. 
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DR.  RAMSBOTHAM, 

CONSULTING  PHYSICIAN  TO  THE  ROYAL  MATERNITY  CHARITY. 

PRACTICAL  OBSERVATIONS  ON  MIDWIFERY,  with  a  Selection 

of  Cases.  Second  Edition.  8vo.  cloth,  12s. 

• 

Dr.  Dewes  states,  in  his  advertisement  to  the  American  edition,  “  that  he  was  so  much  pleased  with 
Dr.  Ramsbotham’ s  work  on  Midwifery,  that  he  thought  he  would  be  doing  an  acceptable  office  to  the 
medical  community  in  America,  should  he  cause  it  to  be  re-published.  He  believes  he  does  not  say  too 
much  when  he  declares  it  to  be,  in  his  opinion,  one  of  the  best  practical  works  extant.” 

“  This  is  an  excellent  work,  and  well  deserves  a  place  in  the  first  rank  of  practical  treatises  on  the 
obstetric  art.  ...  It  is  characterised  throughout  by  the  eloquence  of  simplicity  and  plain  good  sense,  and 
it  has  the  inestimable  merit  of  keeping  perpetually  to  the  point.  .  .  .  Not  only  as  a  companion  to  other 
works,  but  for  its  intrinsic  merits,  it  ought  to  have  a  place  in  every  public  and  private  medical  library.” 
— M edico-Chirurgical  Review. 


P.  RAYER,  D.M.P. 

A  TREATISE  ON  DISEASES  OF  THE  SKIN.  Translated  from 

the  French,  by  WILLIAM  B.  DICKENSON,  Esq.  M.R.C.S.  8vo.  12s. 

“  We  can  recommend  the  present  translation  of  Rayer’s  Treatise  as  an  excellent  companion  at  the 
bedside  of  the  patient.” — Lancet. 
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DR.  JAMES  REID. 

A  MANUAL  OF  PRACTICAL  MIDWIFERY.  Intended  chiefly  as 

a  Book  of  Reference  for  Students  and  Medical  Practitioners.  With  Engravings  on 
Wood.  24mo.  cloth,  5s.  6d. 

“The  relative  diameters  of  the  pelvis  and  the  foetal  head,  and  the  different  presentations  of  the 
child,  are  all  usefully  represented  by  wood  engravings  among  the  letter-press,  and  the  book  is  thus 
particularly  -well  calculated  to  effect  the  objects  of  such  a  work.” — Lancet. 


MR.  ROBINSON. 

AN  INQUIRY  INTO  THE  NATURE  AND  PATHOLOGY  OF 

GRANULAR  DISEASE  OF  THE  KIDNEY,  and  its  Mode  of  Action  in  pro- 
duciner  Albuminous  Urine.  8vo.  3 s.  6d. 


DR.  ROE, 

PHYSICIAN  TO  THE  WESTMINSTER  HOSPITAL. 


A  TREATISE  ON  THE  NATURE  AND  TREATMENT  OF 

HOOPING-COUGH,  and  its  COMPLICATIONS.  8vo.  cloth,  8s. 

“  The  present  volume  is  a  well-timed  and  valuable  addition  to  the  literature  of  juvenile  disease,  and 
is  highly  creditable  to  its  author  as  a  practical  physician.” — Medical  Gazette. 
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DR.  ROWE,  F.S.A. 
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PRACTICAL  ORSERYATIONS  ON  NERVOUS  DISEASES  Ori¬ 
ginating  FROM  MORBID  DERANGEMENT  OF  THE  LIVER,  STO- 
MACH,  &c.  and  occasioning  Low  Spirits  and  Indigestion;  with  Cases  illustrating  the 
most  successful  Mode  of  Treatment.  Tenth  Edition.  8vo.  5s.  6d. 


ii. 

ON  SOME  OF  THE  MOST  IMPORTANT  DISEASES  OF 

WOMEN.  8vo.  5s.  6d. 

DR.  W.  H.  ROBERTSON, 

PHYSICIAN  TO  THE  BUXTON  BATH  CHARITY. 

I. 

THE  NATURE  AND  TREATMENT  OF  GOUT. 

8vo.  cloth,  10s.  6d. 

“  We  cannot  conclude  this  notice  of  Dr.  Robertson’s  treatise  without  cordially  recommending  it  as  a 
sound  and  practical  work,  fitted  for  reference,  both  as  a  work  of  information  on  the  subject,  and 
as  a  guide  to  practice.” — Provincial  Medical  Journal. 
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A  TREATISE  ON  DIET  AND  REGIMEN. 

Fourth  Edition. 

Vol.  I.  Post  8vo.  cloth,  6s. 

Vol.  II.  in  the  Press. 


DR.  SEARLE,  M.R.C.S.E. 

I. 

THE  WHY  AND  THE  WHEREFORE ;  OB,  THE  PHILOSOPHY 

OF  LIFE,  HEALTH,  AND  DISEASE:  New  and  Original  Views  explanatory  of 
their  Nature,  Causes,  and  Connexion,  and  of  the  Treatment  of  Disease  upon  a  few  General 
Principles  based  upon  the  Laws  of  Nature  and  Common  Sense,  the  Fruit  of  Thirty  Years' 
Professional  Experience.  8vo.  cloth,  8s. 


II. 


CHOLERA,  DYSENTERY,  AND  FEYER;  explaining,  in  a  way 

that  may  be  comprehended  by  all  persons,  the  Nature  of  these  Affections,  their  Causes, 
Means  ot  Prevention,  and  Treatment;  the  fruit  of  thirty  years’  professional  experience. 
12mo.  cloth,  5s. 
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MR.  SHAW. 

THE  MEDICAL  REMEMBRANCER ;  OR,  BOOK  OF  EMER- 

GENCIES:  in  which  are  concisely  pointed  out  the  Immediate  Remedies  to  he  adopted 
in  the  First  Moments  of  Danger  from  Poisoning,  Drowning,  Apoplexy,  Burns,  and  other 
Accidents;  with  the  Tests  for  the  Principal  Poisons,  and  other  useful  Information. 
Second  Edition.  32mo.  cloth,  2s.  6d. 

“The  plan  of  this  little  book  is  well  conceived,  and  the  execution  corresponds  thereunto.  It  costs 
little  money,  and  will  occupy  little  room  ;  and  we  think  no  practitioner  will  regret  being  the  possessor  of 
what  cannot  fail,  sooner  or  later,  to  be  useful  to  him.” — British  and  Foreign  Medical  Review. 


J.  STEPHENSON,  M.D.,  &,  J.  M.  CHURCHILL,  F.L.S. 

MEDICAL  BOTANY;  OR,  ILLUSTRATIONS  AND  DESCRIP¬ 
TIONS  OF  THE  MEDICINAL  PLANTS  OF  THE  PHARMACOPGEIAS;  com- 
prising  a  popular  and  scientific  Account  of  Poisonous  Vegetables  indigenous  to  Great 
Britain.  New  Edition,  edited  by  GILBERT  BURNETT,  F.L.  S.,  Professor  of  Botany 
in  King’s  College. 

In  three  handsome  royal  8vo.  volumes,  illustrated  by  Two  Hundred  Engravings,  beau¬ 
tifully  drawn  and  coloured  from  nature,  cloth  lettered,  Six  Guineas. 

“  The  most  complete  and  comprehensive  work  on  Medical  Botany.” — Pharmaceutical  Journal. 

“  So  high  is  our  opinion  of  this  work,  that  we  recommend  every  student  at  college,  and  every 
surgeon  who  goes  abroad,  to  have  a  copy,  as  one  of  the  essential  constituents  of  his  library.” — 
Dr.  Johnson’s  Medico-Chirurgical  Review. 

“  The  work  forms  a  complete  and  valuable  system  of  toxicology  and  materia  medica.  It  will  prove  a 
valuable  addition  to  the  libraries  of  medical  practitioners  and  general  readers.” — Lancet. 

“The  figures  are  equal,  if  not  superior,  to  those  of  any  other  botanical  periodical.” — Loundes ’ 
Gardener’ s  Magazine. 
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DR.  SHEARMAN. 


AN  ESSAY  ON  THE  PROPERTIES  OF  ANIMAL  AND 

VEGETABLE  LIFE;  their  Dependence  on  the  Atmosphere,  and  Connection  with  each 
other,  in  Relation  to  the  Functions  of  Health  and  Disease.  Post  8vo.  cloth,  5s.  6d. 
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DR.  STEWARD, 

FELLOW  OF  THE  ROYAL  COLLEGE  OF  PHYSICIANS,  ETC. 

I. 

PRACTICAL  NOTES  ON  INSANITY.  Post  8vo.  doth,  4*. 

“  The  author  of  these  *  Practical  Notes  ’  was  for  some  years  physician  to  the  Droitwich  Lunatic 
Asylum,  long  known  as  one  of  the  best  conducted  private  establishments  for  the  reception  of  the  insane 
in  the  kingdom. 

“  Those  who  consult  this  work  will  find  many  valuable  reflections  interspersed  throughout  its  pages, 
in  reference  to  the  treatment  and  moral  management  of  the  insane.  We  are  unable  to  follow  the  author 
further,  but  we  cannot  conclude  without  expressing  an  entire  approval  of  the  spirit  in  which  his  remarks 
are  written.” — Provincial  Medical  and  Surgical  Journal. 

II. 

ON  DYSPEPSIA;  with  Remarks  submitted  in  Support  of  the  Opinion, 

that  the  proximate  cause  of  this,  and  of  all  other  Diseases  affecting  the  General  System,  is 
Vitiation  of  the  Blood.  Post  8vo.  cloth,  4s. 
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DR.  STEGGALL. 

student’s  books  for  examination. 

I. 

A  MANUAL  LOB  THE  USE  OL  STUDENTS  PBELABING  EOB  EXAMINA¬ 

TION  AT  APOTHECARIES’  HALL.  Tenth  Edition.  12mo.  cloth,  8s.  QcL. 

ii. 

A  MANUAL  FOB  THE  COLLEOtE  OL  SUBGEONS;  intended  for  the  Use 

of  Candidates  for  Examination  and  Practitioners.  One  thick  volume.  12mo.  cloth,  12s.  6d. 

iii. 

GREGORY'S  CONSPECTUS  MEDICINE  THEORETICS.  The  First  Part,  con- 

taining  the  Original  Text,  with  an  Ordo  Verborum,  and  Literal  Translation.  12mo. 
cloth,  10s. 

IV. 

THE  LIBST  LOUB  BOOKS  OL  CELSUS;  containing  the  Text,  Ordo  Ver- 

borum,  and  Translation.  12mo.  cloth,  8s. 

***  The  above  two  works  comprise  the  entire  Latin  Classics  required  for  Examination  at 

Apothecaries’  Hall. 


V. 

A  TEXT-BOOK  0E  MATERIA-MEDICA  AND  THERAPEUTICS.  12mo.  cloth,  7s. 


VI. 

FIRST  LINES  FOR  CHEMISTS  AND  DRUGGISTS  PREPARING  FOR  Ex¬ 

amination  AT  THE  PHARMACEUTICAL  SOCIETY.  18mo.  cloth,  3s.  6 d. 
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MR.  SMITH. 

FRUITS  AND  FARINACEA  THE  PROPER  FOOD  OF  MAN ; 

being  an  Attempt  to  prove,  from  History,  Anatomy,  Physiology,  and  Chemistry,  that  the 
Original,  Natural,  and  Best  Diet  of  Man  is  derived  from  the  Vegetable  Kingdom.  Post 
8vo.  cloth,  9s. 

“  Few  persons  will  read  from  end  to  end,  as  we  have  done,  without  receiving  impressions  that  must 
tend  to  frequent  reflection.  We  recommend  the  volume  before  us  as  equally  curious  and  useful.” — 
Athenceum. 
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MR.  SAVORY, 

MEMBER  OF  THE  SOCIETY  OF  APOTHECARIES,  AND  PRESIDENT  OF  THE 

PHARMACEUTICAL  SOCIETY. 


A  COMPENDIUM  OF  DOMESTIC  MEDICINE,  AND  COMPA¬ 
NION  TO  THE  MEDICINE  CHEST  ;  comprising  Plain  Directions  for  the  Employ- 
ment  of  Medicines,  with  their  Properties  and  Doses,  and  Brief  Descriptions  of  the 
Symptoms  and  Treatment  of  Diseases,  and  of  the  Disorders  incidental  to  Infants  and 
Children,  with  a  Selection  of  the  most  efficacious  Prescriptions.  Intended  as  a  Source 
of  Easy  Reference  for  Clergymen,  and  for  Families  residing  at  a  Distance  from  Profes¬ 
sional  Assistance.  Third  Edition.  12mo.  cloth,  5s. 

“  This  little  work,  divested  as  much  as  possible  of  technical  and  scientific  phraseology,  is  intended  for 
the  use  of  travellers,  and  those  humane  characters  who,  residing  at  a  distance  from  a  duly  qualified 
medical  practitioner,  devote  a  portion  of  their  time  to  the  relief  and  mitigation  of  the  complicated  mis¬ 
fortunes  of  disease  and  poverty  among  their  poor  neighbours.  It  is,  however,  earnestly  recommended 
not  to  place  too  much  confidence  on  books  of  domestic  medicine,  especially  in  such  cases  as  are  of  a 
serious  nature,  hut  always  to  have  recourse  to  the  advice  of  an  able  physician  as  early  as  it  can  be 
obtained.” — Extract  from  Preface. 
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DR.  SHAPTER. 

THE  CLIMATE  OF  THE  SOUTH  OF  DEVON,  AND  ITS  IN- 

FLUENCE  UPON  HEALTH.  With  short  Accounts  of  Exeter,  Torquay,  Teign- 
mouth,  Dawlish,  Exmouth,  Sidmouth,  &c.  Illustrated  with  a  Map  geologically  coloured. 
Post  8 vo.  cloth,  7s.  6c?. 

“  This  volume  is  far  more  than  a  guide-book.  It  contains  much  statistical  information,  with  very 
minute  local  details,  that  may  be  advantageously  consulted  by  the  medical  man  before  he  recommends 
any  specific  residence  in  Devonshire  to  his  patient.” — Athenaeum. 


MR.  SNELL,  M.R.C.S. 

A  PRACTICAL  GUIDE  TO  OPERATIONS  ON  THE  TEETH. 

With  Plates.  8vo.  cloth,  8s. 

“  Those  of  our  readers  who  practise  in  the  department  of  surgery  on  which  Mr.  Snell’s  essay  treats 
will  find  useful  instructions  on  the  mode  of  extracting  teeth,”  &c. — Medical  Gazette. 

“This  is  the  best  practical  manual  for  the  dentist  we  have  seen  in  any  language.” — Athenaeum. 


MR.  TAYLOR,  F.  R.S. 

LECTURES  ON  MEDICAL  JURISPRUDENCE  AND  CHEMISTRY  AT  GUY’S  HOSPITAL. 


A  MANUAL  OF  MEDICAL  JURISPRUDENCE. 


Foolscap  8 vo.  cloth,  12s.  6c?. 


CONTENTS. 


Second  Edition. 


Poisoning — W  ounds —  Infanticide —  Drowning—  Hanging —  Strangulation —  Suffocation — 
Lightning — Cold — Starvation — Rape — Pregnancy — Delivery — Birth — Inheritance — Legiti¬ 
macy — Insanity,  &c.  See. 

“We  recommend  Mr.  Taylor’s  work  as  the  ablest,  most  comprehensive,  and,  above  all,  the  most 
practical  useful  book  which  exists  on  the  subject  of  legal  medicine.  Any  man  of  sound  judgment,  who 
has  mastered  the  contents  of  Taylor’s  ‘  Medical  Jurisprudence,’  may  go  into  a  Court  of  Law  with  the 
most  perfect  confidence  of  being  able  to  acquit  himself  creditably.” — Medico-Chirurgical  Review. 

“  Mr.  Taylor  possesses  the  happy  art  of  expressing  himself  on  a  scientific  topic  in  intelligible  language. 
The  size  of  his  Manual  fits  it  to  be  a  circuit  companion.  It  is  one  of  the  most  beautiful  specimens  of 
typography  we  ever  had  the  pleasure — and  it  is  a  pleasure — of  perusing.” — Law  Times. 


II. 

ON  POISONS,  in  relation  to  MEDICAL  JURISPRUDENCE  AND 

MEDICINE.  Foolscap  8vo.  cloth,  12s.  6d. 

“  Mr.  Taylor’s  volume  needs  no  praise  of  ours  ;  its  extraordinary  cheapness,  its  beautiful  typography, 
its  portability,  all  speak  for  themselves.  We  feel  confident  that  it  will  ere  long  be  the  table-book  of 
every  medical  practitioner  who  has  the  least  regard  for  his  own  reputation,  and  be  found  in  the  circuit - 
bag  of  the  barrister.” — Dublin  Medical  Journal. 

“  An  excellent  and  valuable  manual.  We  predict  for  it  a  very  favourable  reception  by  the  profession. 
It  contains  all  that  kind  of  information  which  a  medical  man  will  be  glad  to  have  access  to  when  he  has 
the  prospect  of  appearing  in  the  witness-box.” — Edinburgh  Medical  Journal. 
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DR.  TURNBULL, 

PHYSICIAN  TO  THE  LIVERPOOL  NORTHERN  HOSPITAL. 

A  TABULAR  VIEW  AND  SYNOPSIS  OF  THE  PHYSICAL 

SIGNS  AND  DIAGNOSIS  OF  THE  DISEASES  OF  THE  LUNGS.  With 
Woodcuts,  mounted  on  cloth,  5s.  hoards. 

“This  tabular  view',  affording  a  coup  d’ceil  of  the  various  auscultatory  & c.  phenomena  discoverable  in 
health  and  disease,  will  prove  useful  to  many  practitioners,  as  well  as  students,  in  their  investigation  of 
thoracic  maladies.” — Medico-Chirurgical  Review. 
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MR.  TUSON,  F.R.S. 

SURGEON  TO  THE  MIDDLESEX  HOSPITAL. 


I. 

A  NEW  AND  IMPROVED  SYSTEM  OF  MYOLOGY.  Illustrated 

by  Plates  on  a  Peculiar  Construction;  containing,  and  clearly  demonstrating,  the  whole  of 
the  Muscles  of  the  Human  Body,  in  Layers,  as  they  appear  on  Dissection.  Second 
Edition.  Large  folio,  3Z.  12s. 

“  In  these  plates,  the  muscles  being  separately  lithographed,  are  cut  out  and  arranged,  stratum  super 
stratum,  in  their  proper  situation  on  the  bone,  so  as  clearly  to  demonstrate  their  origins,  insertions, 
positions,  shapes,  &c.,  thus  forming,  next  to  actual  dissection,  the  most  ready  and  easy  method  of  learn¬ 
ing  the  human  body.’  ’ — Lancet. 


II. 

A  SEPPLEMENT  TO  MYOLOGY.  Illustrated  by  Coloured  Plates,  on 

a  Peculiar  Construction; containing  the  Arteries,  Veins,  Nerves,  and  Lymphatics,  the  Ab¬ 
dominal  and  Thoracic  Viscera,  the  Brain,  the  Ear,  the  Eye,  &c.  &c.,  41. 12s. 

“  We  have  already,  on  several  occasions,  had  reason  to  speak  favourably  of  Mr.  Tuson;  on  the  pre¬ 
sent  occasion,  we  cannot  resist  the  pleasure  of  expressing  the  very  high  opinion  we  entertain  of  his 
ability,  ingenuity,  and  industry,  These  plates  do  him  credit ;  they  are  happily  conceived,  and  as  hap¬ 
pily  executed.  To  the  student  we  recommend  the  work,  as  serving  all  that  such  delineations  can — the 
assisting,  not  the  superseding,  of  dissection.” — Medico-Chirurgical  Review. 


III. 

THE  ANATOMY  AND  SURGERY  OF  INGUINAL  AND 

FEMORAL  HERNIA.  Illustrated  by  Plates  coloured  from  Nature,  and  interspersed 
with  Practical  Remarks.  Large  folio,  21.  2s. 

“The  plates  are  so  arranged  as  to  show  the  mechanism  both  of  femoral  and  inguinal  hernia  in  a  very 
clear  and  satisfactory  manner ;  they  are  thus  calculated  to  assist,  in  a  remarkable  degree,  the  labour  of 
the  student.” — Medical  Gazette. 


IV. 

THE  CAUSE  AND  TREATMENT  OF  CURVATURE  OF  THE 

SPINE,  AND  DISEASES  OF  THE  VERTEBRAL  COLUMN,  with  Cases.  Plates. 
8vo.  cloth,  1  Os. 

“  Mr.  Tuson’s  treatment  is  sound  and  judicious,  and  there  is  much  solid  and  useful  information  to  be 
obtained  from  a  perusal  of  his  pages.  We  recommend  the  volume  as  deserving  the  attention  of  our 
readers.” — Lancet. 


V. 

THE  STRUCTURE  AND  FUNCTIONS  OF  THE  FEMALE 


BREAST,  as  they  relate  to  its  Health,  Derangement,  or  Disease.  8vo.  cloth,  10s.  6d. 
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MR.  TU  KE. 

DR.  JACOBI  ON  THE  CONSTRUCTION  AND  MANAGEMENT 

OF  HOSPITALS  FOR  THE  INSANE.  Translated  from  the  German.  With  In- 
troductory  Observations  by  the  Editor.  With  Plates.  8vo.  cloth,  9s. 

“  We  have  just  received,  with  very  great  pleasure,  a  translation  of  Dr.  Maximilian  Jacobi’s  work,  and 
we  desire  to  recommend  it  strongly  to  our  readers.  The  whole  work  is  composed  with  a  rare  practical 
knowledge  of  the  subject,  which  has  seldom  marked  the  recent  publications  of  the  same  class.  The  ob¬ 
servations  both  of  the  author  and  of  Mr.  Tuke  are  such  as  may  suggest  improvements  in  every  institu¬ 
tion  for  lunatics  in  the  country.” — Medical  Gazette. 
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DR.  SPENCER  THOMSON. 

BRITISH  CHOLERA :  its  Nature  and  Causes  considered  in  connection 

with  Sanitary  Improvement,  and  in  comparison  with  Asiatic  Cholera.  Post  8vo.  cloth,  4s. 


DR.  UNDERWOOD. 


TREATISE  ON  THE  DISEASES  OF  CHILDREN.  Tenth  Edition, 

with  Additions  and  Corrections  by  HENRY  DAVIES,  M.D.  8vo.  cloth,  15s. 


VESTIGES  OF  THE  NATURAL  HISTORY  OF  CREATION. 

Sixth  Edition.  Post  8vo.  cloth,  9s. 

DITTO,  A  Reprint.  Foolscap  8vo.  sewed,  2s.  6d. 

BY  THE  SAME  AUTHOR. 

EXPLANATIONS:  A  SEQUEL  TO  “VESTIGES.” 

'  Second  Edition.  Post  8vo.  cloth,  5s. 


ON  THE  NATURE  AND  ELEMENTS  OF  THE  EXTERNAL 

WORLD;  OR,  UNIVERSAL  IMMATERIALISM  FULLY  EXPLAINED, 
AND  NEWLY  DEMONSTRATED.  8vo.  cloth,  10s. 


MR.  WALKER. 

INTERMARRIAGE ;  OB,  THE  NATURAL  LAWS  BY  WHICH 

BEAUTY,  HEALTH,  AND  INTELLECT  RESULT  FROM  CERTAIN 
UNIONS,  AND  DEFORMITY,  DISEASE,  AND  INSANITY  FROM 
OTHERS.  With  Delineations  of  the  Functions  and  Capacities  which  each  Parent 
bestows  on  Children,  and  an  Account  of  Corresponding  Effects  in  the  Breeding  of 
Animals.  With  Plates.  Second  Edition.  8vo.  cloth,  14s. 

“  One  of  the  newly-discovered  laws  of  nature  announced  in  this  work  gives  to  man,  for  the  first  time, 
precise  rules  for  the  guidance  of  intermarriage  in  his  own  race,  and  for  that  of  breeding  among  animals.” 
— Literary  Gazette. 

“This  is  in  many  respects  a  very  remarkable  book.  We  are  not  disposed  to  go  the  whole  length 
with  the  author  in  the  positions  he  maintains ;  but  he  has  collected  in  support  of  them  a  mass  of  facts, 
many  of  them  as  novel  as  they  are  unimpeachable,  which  render  his  volume  alike  important  and  inter¬ 
esting  to  the  physiologist.” — British  and  Foreign  Medical  Review. 
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DR.  WALLER, 

LECTURER  ON  MIDWIFERY  AT  ST.  THOMAS’S  HOSPITAL. 

A  PRACTICAL  TREATISE  ON  THE  FUNCTION  AND  DIS- 

EASES  OF  THE  UNIMPREGNATED  WOMB.  With  a  Chapter  on  Leucorrkea, 
Fluor  Albus,  or  Weakness.  Illustrated  by  Plates.  8vo.  cloth,  9s. 

“The  present  volume  contains  a  short  and  succinct  practical  account  of  the  principal  morbid  states 
either  of  the  functions  or  the  structure  of  the  womb,  the  best  methods  of  distinguishing  them,  and  the 
means  which  experience  has  shown  to  be  the  most  effectual  in  removing  them.  The  reader  will  find 
that  he  obtains,  in  a  small  compass,  a  distinct  view  of  the  nature  and  treatment  of  each  disorder.” — 
Edinburgh  Medical  and  Surgical  Journal. 
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ERASMUS  WILSON,  F.R.S. 


I. 

THE  ANATOMIST’S  VADE-MECUM:  A  SYSTEM  OF  HUMAN 

ANATOMY.  With  numerous  Illustrations  on  Wood.  Fourth  Edition.  Foolscap  8vo. 
cloth,  12s.  6d. 

“  As  a  satisfactory  proof  that  the  praise  we  bestowed  on  the  first  edition  of  this  work  was  not 
unmerited,  we  may  observe  it  has  been  equally  well  thought  of  in  foreign  countries,  having  been 
reprinted  in  the  United  States  and  in  Germany.  In  every  respect,  this  work,  as  an  anatomical  guide 
for  the  student  and  the  practitioner,  merits  our  warmest  and  most  decided  praise.” — Medical  Gazette. 


II. 


DISEASES  OF  THE  SKIN :  A  Practical  and  Theoretical  Treatise  on 

the  DIAGNOSIS,  PATHOLOGY,  and  TREATMENT  OF  CUTANEOUS  DIS¬ 
EASES,  arranged  according  to  a  Natural  System  of  Classification,  and  preceded  by  an 
Outline  of  the  Anatomy  and  Physiology  of  the  Skin.  Second  Edition.  8vo.  cloth,  12s. 


The  same  Work;  illustrated  with  Eight  finely-executed  Engravings  on  Steel,  accurately 
coloured.  8vo.  cloth,  28s. 
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“The  wTork  is  very  considerably  improved  in  the  present  edition,  and  is,  for  the  first  time,  illustrated 
with  plates.  Of  these  plates  it  is  impossible  to  speak  too  highly.  The  representations  of  the  various 
forms  of  cutaneous  disease  are  singularly  accurate,  and  the  colouring  exceeds  almost  anything  we  have 
met  with  in  point  of  delicacy  and  finish.” — British  and  Foreign  Medical  Review. 

III. 

A  PRACTICAL  TREATISE  ON  HEALTHY  SKIN;  with  Rales 

for  the  Medical  and  Domestic  Treatment  of  Cutaneous  Diseases.  Illustrated  with  Steel 
Engravings.  Second  Edition.  Post  8vo.  cloth,  10s.  6d. 

“The  student  will  be  delighted  to  find  his  labours  so  much  facilitated,  and  a  few  hours  of  agreeable 
society  with  a  most  pleasantly-written  book  will  do  more  to  make  him  acquainted  with  a  class  of  obscure 
diseases  than  all  that  has  been  previously  written  on  the  subject.” — Lancet. 
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IV. 

ON  RINGWORM,  ITS  CAUSES,  PATHOLOGY,  AND  TREAT- 

MENT.  Illustrated  with  a  Steel  Plate.  Post  8vo.  cloth,  5s. 


v. 

PORTRAITS  OF  DISEASES  OF  THE  SKIN.  Folio.  Fasciculus  I. 

and  II.  Containing  Four  highly- finished  Coloured  Plates.  20s.  each. 

“  May  be  truly  designated  a  splendid  performance,  surpassing,  in  the  artistic  beauty  of  its  delinea¬ 
tions,  and  fully  equalling  in  their  fidelity  to  nature,  any  thing  which  has  yet  been  brought  out  in  this 
country  or  on  the  continent.  We  can  scarcely  speak  too  strongly  of  the  merits  of  this  work.” — British 
and  Foreign  Medical  Review. 

“  The  drawings  appear  to  us  to  be  executed  with  great  care,  and  admirably  fitted  to  assist  diagnosis, 
and  to  familiarize  the  practitioner  with  the  special  characters  of  diseases  of  the  skin.” — Medical  Gazette. 

“  We  have  never  before  seen  a  work  more  beautifully  got  up,  both  as  regards  the  typography  and  the 
execution  and  colouring  of  the  plates.  Even  Alibert’s  grand  work  sinks  into  the  shade  when  placed  by 
the  side  of  that  of  Mr.  Wilson’s.” — Lancet. 
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?  THE  LONDON  GEOLOGICAL  JOURNAL,  AND  RECORD  OF  ? 

DISCOVERIES  IN  BRITISH  AND  FOREIGN  PALEONTOLOGY.  Illustrated 
with  numerous  Plates.  Royal  8vo.  85.  6c?.  Nos.  I.,  II.,  and  III. 
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X  DR.  WILLIAMS,  F.R.S. 

I 

PROFESSOR  OF  THE  PRACTICE  OF  MEDICINE,  UNIVERSITY  COLLEGE,  LONDON. 

PRINCIPLES  OP  MEDICINE;  comprehending  General  Pathology  and 

Therapeutics.  Second  Edition.  8vo.  cloth,  14s. 

“  Thanks  are  due  to  Dr.  Williams  for  publishing  a  work  like  the  present :  to  the  student  of  medicine, 
sincerely  anxious  to  study  and  understand  the  great  principles  of  the  science,  he  has  rendered  a  very 
useful  service  ;  while  the  practitioner  will  be  all  the  better  for  having  his  knowledge  made  clear,  orderly 
and  precise  by  the  aid  of  a  work  like  the  present.’  ’ — Edinburgh  Medical  Journal. 

“  We  hail  its  appearance,  not  only  on  account  of  the  value  we  are  ready  to  attach  to  any  production 
from  the  pen  of  its  accomplished  author,  but  also  as  the  indication  of  a  vast  improvement  in  medical 
teaching,  which  must  operate  most  favourably,  at  no  distant  date,  on  medical  practice.  The  detailed 
examination  on  wdiich  we  now  enter  will  show  that  our  anticipations  are  not  too  high  and  that  the 
work  possesses  the  strongest  claims  to  attention.” — British  and  Foreign  Medical  Review. 
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DR.  J.  WILLIAMS. 

I. 

AN  ESSAY  ON  THE  USE  OF  NARCOTICS  AND  OTHER 

REMEDIAL  AGENTS  CALCULATED  TO  PRODUCE  SLEEP  IN  THE 
TREATMENT  OF  INSANITY,  for  which  the  Author  obtained  the  Lord  Chan¬ 
cellor’s  Prize  in  Ireland.  Post  8vo.  cloth,  4s. 

ii. 

ON  THE  ANATOMY,  PHYSIOLOGY,  AND  PATHOLOGY  OP 
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